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AN APPARATUS FOR VISUALLY DEMONSTRATING MUSICAL 
SCALES AND THE PHYSICAL BASIS OF HARMONY. 


By L. E. Dopp, 
Department of Physics, University of California at Los Angeles. 


The structure of the major diatonic scale can be demonstrated 
visually and clearly to the elementary student by means of the 
simple apparatus to be described. It is desirable to introduce 
classes in beginning physics to this subject in a manner pri- 
marily non-musical. By a discussion first of vibrations, illus- 
trated with apparatus whose performance not only can be 
seen, but whose individual vibrations can be watched, students 
can be made acquainted in a general way with the notes of the 
piano keyboard. At the same time they will come to realize 
the vibratory character of musical tones, and also the general 
nature of the vibrations in musical instruments, whether stringed, 
or wind, or various devices for percussion effects. This order 
is preferable to beginning the discussion in terms of the key- 
board, thus presupposing some acquaintance with it, and after- 
ward referring to the vibrations associated with the notes of 
the musical scale. Moreover, the instructor should avoid leav- 
ing with students the impression of a somewhat abstract and 
abstruse talk about frequency relations. This impression they 
are likely to get where the individual vibrations are themselves 
not detected. The present apparatus has been found to arouse 
the interest of students, regardless of any previous acquaint- 
ance with, preconceived ideas about, or possible prejudices 
against, the subject of music. 

Here it is not out of place to say that other experiments of a 
more or less fundamental nature will suggest themselves to 
instructors of physics in the high schools, experiments to be 
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performed with apparatus that can be assembled by anyone 
possessing a little mechanical skill. Obviously those students 
who acquire in the secondary school a more thorough understand- 
ing of fundamental physics, will be less handicapped later in 
their progress at the college or university. Expensive or elabo- 
rate apparatus is necessary only for the small minority of fun- 
damental experiments in beginning physics. The simply con- 
structed apparatus to be described can be used to make clear 
the fundamental ideas of frequency, period, amplitude, in- 
stantaneous displacement, and phase relations. 

In the present model the vibrators are eight simple pendulums, 
Fig. 1, arranged in the order of decreasing length from left to 
right; as the class faces the apparatus, and therefore in the order 
of increasing vibration rate, or frequency. 
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Fic. 1 Set or Penpuwtums To ILLUSTRATE THE Masor Diatonic SCALE 


The well-known formula for the simple pendulum is T = 
ar ¥-, where T is the “period,” which is the duration time of 
one vibration (that is, a complete swing back and forth of the 
suspended weight, or ‘‘bob’’); / is the length of the pendulum, 
taken as the distance from the center of the spherical bob to 
the “point of support’’; while g is the gravity constant, which 
in the metric system may be taken at 980 units for satisfactory 
results. (A somewhat inexact value substituted for g will result 
in a slight error in T, but will not affect interval ratios, which 
chiefly concern us here, as will be seen.) Then with the length 
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expressed in cms. the period comes out in sees. The size of the 
bob does not appear in the formula, so that bobs of various 
sizes might be used. Also the bobs may be weights of any 
shape, even quite irregular, but the spherical shape makes the 
pendulum easy to manipulate. 

In the present apparatus the bobs are 1/2” ball bearings, 
each attached with soft wax! to a single thread suspension 
passing through one of a series of eight vertical, drilled holes 
of small diameter, spaced at equal distances of 10 cms. along 
a straight line in a wood crossbar 1/2x3/4 ins. x3 1/2 ft. long. 
The crossbar in turn is held by its ends in tube clamps on two 
large support stands of the usual laboratory type. Each thread 
suspension can be regulated as to length, being anchored by a 
bit of soft wax pressed to the top of the crossbar near the drilled 
hole. Other means of anchoring the threads will suggest them- 
selves. The “point of support’’ of a pendulum is regarded as the 
lower opening of the drilled hole, where the thread enters. 
Ideally, there would be no play between thread and opening, but 
this can be made negligible. Size 16 thread used with an opening 
as large as 2 1/2 mms. gave good results, although the opening 
could as well be made more nearly approaching the size of the 
thread. 

The outstanding feature of the demonstration, and the one 
doubtless that most arrests the attention of a student seeing it for 
the first time, is the alternate getting out of and getting into 
step when two pendulums of unequal lengths are swinging, or 
“vibrating,” at the same time. And, fortunately, this feature 
illustrates the most important feature of the major diatonic 
scale, the “harmonious” frequency relations. Furthermore, 
frequency relations form the basis of harmony in general. 
Whether a musical interval is of itself “pleasing,” or “har- 
monious,’’ or whether of itself it is ‘““displeasing,’’ or “discordant,”’ 
depends upon the ratio of the frequency of vibration of one 
note to the other. A visible demonstration, such as that with 
the present model, is valuable in making clear what is meant 
by “frequency relations.” 

In presenting the subject to the class it is probably well to 
begin with a single pendulum, showing how the period, or its 
reciprocal, the frequency, is independent of (1) the weight of 

‘A recipe, supplied through the kindness of Mr. G. H. Jung, for this very desirable wax, is as 


follows: commercial beeswax (refincd white preferred), 16 oz.; Venetian turpentine, 4 oz.; 
resin, 1-2 oz.; vermilion, 2 oz 
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the bob, and (2) the amplitude of the vibration, but depends on 
(3) the length. Also with one pendulum, the manner of starting 
the vibrations and a definite method of counting them may be 
shown. With the bob held between thumb and finger the pen- 
dulum is displaced to the desired amplitude, and on the word 
“Now!” is released. The word “One!” is pronounced on the 
bob’s return to its starting point, which completes the first 
vibration; ““Two!’’ on its second return, completing the second 
vibration; and so on. In this way the number of vibrations the 
bob has made since the start, is known. 

Twenty or more vibrations may be timed with stopwatch, or 
even an ordinary watch, the length of the pendulum measured 
with meter stick to the nearest mm., and the period checked 
approximately by substituting in the formula the measured value 
of 1, and solving for T. The agreement will be found good. 
Such a demonstration affords an opportunity to introduce 
students to the physical meaning of a formula, and to convince 
them that a physical formula is not a dry abstraction, only 
to be memorized mechanically, but that it is a thing very much 
alive and significant, a comprehensive and yet concise descrip- 
tion of what will occur under a given set of conditions. The 
pendulum will be seen to “play the game”’ strictly according 
to the rules stated in the formula. 


Substituting in the pendulum formula the reciprocal of the 
frequency, n, for the period, T, and solving for the length, we 
get 1 = (g/4x*)*1/n? = 24.82/n*. The length of a pendulum 
therefore varies inversely as the square of its frequency of vi- 
bration, so that if we have two pendulums, and if the length of 
the longer one is / and that of the shorter is //4, the shorter 
will vibrate twice as fast as the other, that is, make twice as 
many vibrations per second (v.p.s), since its frequency must be 
twice that of the longer pendulum. 
the longer and slower, pendulum, and if /, is its length, then 
the length, /, of any other “higher,” that is, shorter and faster, 
pendulum, the ratio of whose frequency, n, to that of the lower 
pendulum, isk = n/n,, will bel = 24.82/(kn,)**1/k? = (1/k)*lo. 


In general, if n, is the frequency of the “lower,” that is, 


With two pendulums whose frequency ratio is, say 5:4 (or 5/4), 
Ll = 1,°(4/5)? = (16/25)l,. If we start these two pendulums 
swinging at the same time, releasing them both on the word 
“Now!’’, they will be seen at once to be getting out of step, but 
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after several vibrations they will return to their respective start- 
ing points together, and then will be getting out of step again, 
and after several more vibrations will return to the starting points 
together, and so on indefinitely. This effect of getting in and 
out of step will be obvious to a large class watching the experi- 
ment, if the instructor instead of starting at first to count the 
vibrations of either pendulum, will pronounce audibly only the 
words ““Now!’’, at the start, and ‘‘Together!’’ whenever the two 
pendulums return, at the same time, to their respective starting 
points. What happens is of course that each time they return 
in step to the starting points, the shorter and faster pendulum 
has gained a whole vibration on the longer and slower one. 


If the instructor again starts the vibrations together, count- 
ing in a low tone those of the longer pendulum, but accenting 
each particular count that brings them in step, it will be found 
that the counts accented are ‘‘Four!’’, “Eight!’’, ““Twelve!”, etc., 
while if the vibrations of the shorter pendulum are counted, the 
two pendulums will be found in step on the counts “Five!”, 
“Ten!’’, “Fifteen!”’, etc., thus proving the 4 to 5 ratio of the 
frequencies. 

In general, for two pendulums with the respective frequencies 
n, and n, the total number of vibrations in time ¢ is, in each case 
N,=n.t, and N=nt respectively, or N/N,=(nt)/n,t)=n/n,, 
the ratio of the two frequencies, so that N /N, remains always the 
same and equal to the ratio of the two frequencies. 


The class may find interesting a dual count of the swings of 
the two pendulums. While one student counts the vibrations 
of one pendulum, another student counts those of the other 
pendulum, as before accenting those counts that bring the 
pendulums into step. If the particular interval chosen is that 
of the “major third,’’ and both pendulums are released on the 
word “Now!’’, then the counts “Four!” and “Five!’’ will be 
spoken at the same time; “Eight!” and “Ten!” at the same time; 
“Twelve!” and “Fifteen!” and so on. The triad can be illus- 
trated with a triple count by three students counting the swings 
of the three respective pendulums. 


The range of frequency values between the particular frequen- 
cies of the two pendulums is called in terms of music an “inter- 
val,”’ and its size is measured, not by the arithmetical differ- 
ence of the two frequencies, but by the frequency ratio, in this 
case 5/4. This particular interval is called in music, as indicated 
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above, a “‘major third.”” Two pendulums of frequency 6/5 have 
an interval between them called a “minor third,’ and in that 
case 1 = (25/36)l,.. These two pendulums, if started swinging at 
the same time, will be found in step on the counts “Five!” 
“Ten!’’, “Fifteen!”’, etc., for the lower pednulum, and on the 
counts “Six!’’, “Twelve!’’, “Eighteen!’’, ete., for the higher 
pendulum, indicating the 5 to 6 ratio. 

If now we have a group of three pendulums whose frequencies 
are to each other as 4:5:6, we have a combination known in 
music as the ‘major triad.’’ It is formed of two intervals, a 
“major third” followed by a “minor third.”’ If these two inter- 
vals should be interchanged, as in the frequency combination 
5:6:714, or, what is the same thing, 10:12:15, the “minor third”’ 
coming first, followed by the “major third,” the group would be 
known as the “‘minor triad.’”’ In either case, the interval between 
the lowest and the highest note has the size 3/2, and is called a 
“perfect fifth.” 
intervals will be clear from a consideration of the major diatonic 


The meaning of these numerical names of the 


scale. 

In the case of our group of three pendulums we can easily 
change from the major triad to the minor triad simply by 
increasing slightly the length of the middle pendulum. Suppose 
the length of the lowest pendulum is 50 ems. That of the high- 
est must then be /= (2 /3)*.50=22.2 ems. The middle pendulum 
will have a length /=(4/5)*.50=32.0 ems., for the major triad, 
and, for the minor triad, /=(5/6)?.50=34.7 ems. 

The frequencies of the eight consecutive notes of the major 
diatonic scale, beginning with the lowest, or keynote, are to each 
other as the numbers 24:27 :30:32:36:40:45:48. The ratios of 
each of the higher numbers to the first are important, rather 
than the actual values of the numbers, but 24 is the lowest whole 
number that can be used to start the series if all the other mem- 
bers of the series are to be whole numbers. Perhaps it will be 
well to give the students the reason for this particular series, that 
is to explain the structure of the major diatonic scale, how it is 
built up of three major triads, after the series of eight pendulums 
illustrating it has been demonstrated to the class. 

Number the eight pendulums of the set, beginning with the 
longest, or “keynote” pendulum. If this pendulum is given a 
length of, say, 50 ems., the formula shows its period of vibration 
to be T,= 1.4194 sees., and the period of the eighth, or ‘‘octave,”’ 
pendulum is half this, or 0.7097 sees. (The values are here car- 
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ried to four decimal places only incidentally.) These two limit- 
ing values are suitable ones, being neither too large nor too small 
for the requirement of our experiment, viz., that the individual 
vibrations shall be easy to follow with the eye. The frequency 
of the keynote pendulum is No=1/T,.=1/1.4194 =0.7045 v. p.s., 
while that of the octave is twice this, or 1.4090 v. p. s. 


Table I 
Summarized Data for Pendulum Raia 
Major Diatonic Scale 
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Table I summarizes the data, and gives the pendulum lengths 
for a keynote length of 50 cms. If for any reason we should 
wish to make T, any other definite amount, say 1.5000 sees. 
instead of the 1.4194 secs. for a length of 50 cms., then by the 
formula l, would have to be 55.8 ems. instead of 50 ems.. with 
corresponding values for the other pendulums, to be determined 
from the formula /=/,*(1/k)*, the values of the k’s remaining 
_ the same as long as we are dealing with the major diatonic scale. 

Any of the intervals mentioned in Table I can be demon- 
strated with the apparatus in the manner described. Students 
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will find it interesting, from the series of whole numbers in 
Table I that are proportional to actual frequencies in the major 
diatonic scale, to write down the frequency ratios between all 
possible pairs of notes in the scale of eight, searching this same 
scale for other examples of intervals occurring in the table, 
and also the four additional musical intervals: (1) 10/9, (minor) 
second; (2) 16/15, (major) half tone, or semitone; (3) 6/5, 
(minor) third; and (4) 8/5, (minor) sixth. Such a study of inter- 
vals, demonstrated visibly with the pendulums, should make 
clear, even to students who are both non-musical and non- 
scientific in their talents or training, what is meant by the 
“physical basis of harmony.” 

In music, two or more notes when sounded at the same time 
produce on the ear an inherently pleasing effect if their fre- 
quency ratios are represented by fractions which, when reduced 
to lowest terms, have small numbers in both numerator and 
denominator. Anyone who can detect, and this includes almost 
everyone, a pleasing effect in these harmonious combinations, 
such as the octave, 2/1; the major third, 5/4; the fourth, 4/3; 
and the fifth, 3/2,—can with good reason lay claim to a “mathe- 
matical ear,” for the detection, by ear, of a pleasing effect from 
such simple combinations, must mean that the ear is capable of 
appreciating the alternate, periodic getting out of and getting 
back into step, according to the ratio of the two frequencies, 
which is a matter of arithmetic, of the two vibrators producing 
the compound sound. The semitone interval is by no means so 
pleasing, because its ratio fraction, 16/15, does not have very 
small numbers in numerator and denominator, and the ear is 
instantly aware of this fact, even though the actual number of 
vibrations per second may be several hundred, far too high for 
the individual vibrations themselves to be detected by the ear. 
As an auxiliary experiment in sound in this connection, two 
sonometer wires can be used, with the help of the sonometer 
formula, n=1/(2l)./T,/m,, where T, is the tension and m, 
the mass of the wire per unit length. Keeping the tension equal 
and constant in both wires, and supposing the wires themselves 
equal, we have nl=constant, or nl=n,l,, and n/n=k=1,/l, or 
l=(1/k)l. Also, the intervals may be struck on a set of tuning 
forks of the major diatonic scale, or even on the equally tempered 
piano, where the intervals, except the octave, are not quite the 
true major diatonic intervals. Forks are very desirable to use, 
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since the actual frequencies are marked on them, so that the 
interval ratios can be verified. 

The present set of pendulums is properly called a “scale,’’ 
because it gives a succession of frequencies, or ‘“‘notes,’”’ that in a 
definite way divide an octave interval up into smaller intervals 
whose sum must then be the octave. This series of intervals, 
all of them smaller than the octave, is as follows: 9/8, 10/9, 16/15, 
9/8, 10/9, 9/8, 16/15. To add intervals we multiply together 
the frequency ratios, to get the frequency ratio of the interval 
that is their sum, so that multiplication together of all seven 
fractions gives the product 2/1, or the octave interval. 

The major diatonic scale is the result of slow growth through 
centuries, beginning not later than the time of the Greeks, as 


Table I 


Building the Mayor Diatonic Scale, 
in LIiwe Steps 
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men have experimented laboriously with musical effects, guided 
mostly by ear. We may build up the major diatonic scale in the 
following simple manner, taking five steps, Table II, in the con- 
struction, and using the major triad as the building unit, the 
brick as it were entering into the structure. (1) Choose a major 
triad such that the lowest of its three notes is to be the keynote 
of the desired scale. This triad is therefore called the ‘‘tonic’’ 
triad. (2) Use the highest note of this first, or tonic, triad, as 
the lowest note of a second major triad, called the ‘““dominant’”’ 
triad. (3) Form the note which is an octave above the keynote. 
(4) Use this octave note as the highest note of a third major 
triad, called the “subdominant” triad. (5) Form the note an 
octave below the highest note of the second, or dominant triad. 
By these five steps we have formed a series of nine notes, the 
first eight of which constitute the complete major diatonic 
scale, the ninth being the octave of the second note, thus being 
in the octave above, but belonging to the second of the three 
major triads used in building the scale. The process is seen at a 
glance in Table II. The first two intervals, 9/8=1.125, and 
10/9=1.111, are larger than the third interval, being approxi- 
mately equal to each other in size, while two intervals of the 
size of the third when added together, (16/15)-(16/15) = 256 /225 
= 1.137, give an interval more nearly approaching in size the 
other two. The third interval is therefore called a ‘‘semitone,”’ 
or “‘half-tone,”’ and it occurs again in the scale as the seventh 
interval, while intervals 4, 5, and 6, are whole tone intervals. 

The actual frequency of the keynote depends on (1) the 
particular octave on the keyboard, whether that of “‘middle C,”’ 
or higher, or lower; and (2) the pitch to which the instrument is 
tuned. For international pitch, A; 435, middle C has 261 v. p. s.; 
for the high American concert pitch it has 277 v. p. s.; while for 
the “scientific’”’ pitch middle C has 256 v. p. s. 

In the apparatus as here described the actual frequencies of 
vibration are all relatively small. The wires in the piano vibrate 
in a manner very similar to that of the pendulums, the fre- 
quencies ranging from about 27 v. p. s. for the lowest note to 
something over 4000 v. p. s. for the highest. (In international 
pitch, A; 435, the last note on the piano keyboard, C;, has, 
speaking exactly, 4138.44 v. p. s., while in scientific pitch, C; 256, 
C, would have 4096 v. p. s. The lowest note on the keyboard, 
A,, or the A below Cy, has nearly 27 v. p. s. in either system.) 
Radio waves covering a range of wavelengths of say 500 to 5 
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meters, have corresponding frequencies from 600,000 to 60,000,- 
000 v. p.s. When discussing radio in this connection, however, 
the instructor should particularly point out the difference be- 
tween sound waves and radio waves, which is a difference both of 
the necessary medium in which the disturbances we call waves 
travel, and of the nature of those disturbances. Students should 
not be left confused as to the relation of wireless waves and 
sound waves, which are so closely associated in radio. It should 
be pointed out definitely that the sound wave form, but not the 
sound wave itself, is carried by the radio waves with the speed 
of light, which is nearly a million times faster than sound itself. 

Waves of light in the visible region, waves of the same kind 
as radio, have frequencies of about 750 million million v. p. s., 
for the red, and roughly twice that for the blue. And for X-ray 
waves, which are of the same kind as radio and light, but still 
shorter, the frequencies are of the order of 300,000 million million 
v. p. s. It seems almost impossible that anything could make 
S.8.&M. Mono Jan 24p 10pt 8A on 12 Bruner 11-30 Gal C4 
that many complete vibrations, or “swings,” as in the pendulum, 
in one second, and yet this is an accepted fact in science. But 
turning again to low frequencies, we note that since the period 
of rotation of the earth on its axis is 24 hours, or 86,400 secs., the 
frequency of its rotation, the reciprocal of this, is 1/86,400= 
0.000,011,57 rotations per second. So we may calculate also the 
frequency, on the basis of the second as time unit, of the earth’s 
annual revolution about the sun, which is of the order of 1/32,- 
000,000 = 0.000,000,031 r. p. s. The rotation and the revolution 
of the earth are not vibrations in the strict sense, but they are 
periodic phenomena the same as vibrations, and thus have 
period and frequency as does the pendulum. 

The class may be given a brief introduction to the “staff” as 
used in music. It is a device that has been found convenient 
to indicate the different notes of the scale. It has five paraliel 
horizontal lines and four spaces, and can have extra lines, called 
“leger’’ lines, added to it above and below. The leger lines are 
made necessary by the fact that the staff itself has a total of 
only nine lines and spaces, and so can indicate only nine notes 
of the major C scale, while notes in octaves above and below 
need to be represented also. The same staff is used in two ways, 
for the “treble clef,’’ and also for the “bass clef.”” When the 
staff is used for the treble clef, the first leger line below the staff 
marks the position of the keynote in the major diatonic scale 
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in C, Fig. 2 (a), and this position, or the note that occupies it, 
is called ‘“‘middle C,”’ since it occurs near the center of the piano 
keyboard, and also near the center of the whole range of human 
voices. The consecutive and alternate spaces and lines are 
numbered serially, and it comes out that the octave above the 
keynote, or C,,—the “‘C above middle C,’’—occupies the second 
space from the top of the staff. We can continue either with the 
octave above or that below by adding leger lines above or below 
the staff, as needed. In the “‘bass clef,” Fig. 2 (b), the staff 
has the same appearance, except the initial clef symbol and 
“key signature,” and, as before, a leger line is used, but this 
time above the staff, for the octave in C. This first leger line 
above the staff here denotes middle C, but the keynote now 
occupies the second space from the bottom of the staff, so that 
the scale runs as shown. It is seen that the scale as thus indi- 
cated in the bass clef is the same scale as that indicated in the 
treble clef, except that it is an octave lower. Here again the 
series of notes can be extended into higher or lower octaves by 
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the use of additional leger lines. In musical notation the ‘notes’ 
(wholes, halves, quarters, eighths, etc.) take the place of the 
position numbers given in Fig. 2 a and b.” 

The interval between any note and the keynote, measured by 
the ratio of the higher to the lower frequency, is named from 
the position number of the higher note. Thus the interval 
between the second note and the keynote is called a “second,” 
with the additional designation ‘‘major”’ because it is in the 
major diatonic scale; the interval between the fourth note and 
the keynote is called a “fourth” with the additional designation 
“perfect” ; and so on. 

The necessity for the black keys on the piano keyboard is 
readily shown by constructing one or more additional sets of 
pendulums, each representing a true major diatonic scale, but 
having as its keynote one of the notes other than the keynote in 
the first set of pendulms. It will thus be seen that if we wish 
to have a musical instrument that uses the major diatonic scale 
but is so designed that we can start with any note as keynote, 
it will be necessary to insert at least one, and as many as five, 
extra (black) keys. Moreover, such extra sets of pendulums will 
bring to light the desirability of the equally tempered scale. 
These several sets of pendulums should be particularly helpful 
to music, or pre-music, students. 

In the equally tempered scale the octave is divided up into 
twelve equal intervals, and, fortunately, this arrangement con- 
tains with close approximation the major diatonic scale in 
twelve different keys, that is, starting with each one of the twelve 
different notes in the scale as keynote. These twelve equal 
intervals are all semitone intervals, and on the keyboard of a 
piano tuned, as is usual, to the equally tempered scale, with 
octaves above and below that of middle C, we can start on any 
key, black or white, and by taking two whole steps followed by 
a half step, then three whole steps and another half step, we 
play a scale of eight notes that approximates a true major 
diatonic scale. Moreover, the approximation, which is, fortun- 
ately for our sense of harmony, a close one, is precisely of the 
same kind no matter which one of the twelve keys, white and 
black, we choose as the keynote. 

An additional set of pendulums, Table III, 6th column, may 

Students desirous of going further into musical symbols and terms will find helpful and 
convenient a smal! manual, such as “A Pronouncing Pocket-Manual of Musical Terms, to- 


gether with the Elements of Notation,"’ edited by . Th. Baker, published by G. Schirmer 
Ist ed. 1905.) 
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Table I 
Comparison of Major Diatonic and Equally 
Tempered Scales, with Corresponding 
“Pendulum Lengths 
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be constructed “tuned” to the equally tempered scale, and the 
frequencies of corresponding pendulums compared to gain an 
idea of the degree of approximation to the true major diatonic 
scale. If the octave is to be divided up into twelve equal inter- 
vals, the factor by which we must multiply the frequency of the 
keynote to get that of the note a semitone higher, is the same 
as that by which we would multiply the frequency of any other 
note in the series in order to obtain the frequency of the note a 
semitone higher. This factor is the value of k for the first semi- 
tone interval above the keynote. Adding the twelve equal inter- 
vals we must have k!?=2/1, the octave, so that k= +/2=1.0595. 
The value of k for the first whole tone interval above the key- 
note is (4/2)?=~W/2=1.1225. On an equally tempered, that is, 
an “equally intervaled’’ instrument, the diatonic scale will then 
consist of two whole tones followed by a half tone, then three 
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whole tones and another half tone. In this succession of inter- 
vals the whole tones are all the same size, ¥/2= 1.1225, which is 
somewhat but not greatly different from the two whole tones of 
the true major diatonic scale, viz., 9/8=1.1250, and 10/9= 
1.1111, and comes in value between them. Also, the two semi- 
tones have the same size, 1.0595, which is somewhat, but not 
much, smaller than the two equal semitones of the true major 
diatonic scale, which have the size 16/15=1.0666. Thus the 
equally tempered whole tone is 0.22% less than the true major 
diatonic whole tone 9/8, and 1.02% greater than the true major 
diatonic whole tone 10/9, while the equally tempered half tone 
is 0.66% less than the true major diatonic half tone. The two 
whole tones of the true major diatonic scale (as distinct from the 
major diatonic scale as played on an equally tempered instru- 
ment) themselves differ in size by about 1.25%. None of these 
differences, fortunately, is very great. 

Table III gives the percentage deviations of the equally 
tempered scale, from the true major diatonic, both as to size 
of interval and length of pendulum. 

Arbitrarily, we might form a scale by dividing an octave up 
in any manner we chose, but it would have to contain one or two 
at least of the naturally “harmonious’’ intervals, such as the 
fifth, fourth, and third, or close approximations to them, to find 
general approval with the public. The idea of dividing the octave 
into twenty-four equal parts instead of twelve, thus forming 
quarter tones, is an obvious one, and has been experimented 
with, but, while arithmetically simple, such an arrangement will 
complicate demands made on composers and performers. 





WHEN TO VACCINATE. 


The following paragraphs are quoted from a pamphlet entitled ‘‘Small- 
pox is Preventable’’ published by the American Association for Medical 
Progress, Inc.: 

“The ideal time for vaccination is in infancy because protection begins 
at once and the course of vaccination ‘take’ may be undisturbed by exter- 
nal causes. Vaccination should then again be performed at school age 
when the ‘take’ will very likely be a mild one on account of the protection 
given by the previous vaccination. 

‘Experience has shown that a single vaccination will undoubtedly pro- 
tect practically every one so vaccinated against smallpox for a period of at 
least five years and sometimes for a much longer time. Two successful 
vaccinations or a vaccination and a true immunity reaction will undoubt- 
edly insure throughout life against death from smallpox. While a person 
so vaccinated may have the disease at some later time in a mild form, 
even this slight hazard can be removed by revaccination when smallpox 
is present.”’ 
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THE SYSTEMATIC SOLUTION OF ARITHMETIC PROBLEMS. 


COFYRIGHTED BY Pau. Liapa, 1927. 
McClymonds High School, Oakland, Calif. 


Whenever we meet a complex condition of affairs in our life 
work we do not usually react to it until we have made a study of 
the various factors involved, drawn some conclusions, and finally 
formed some plan of action. Bitter experience has taught us that 
to begin difficult and unfamiliar work without some kind of a 
plan, depending upon inspiration to help us out, usually leads to 
unsatisfactory results. 

In most subjects we assign fairly definite tasks to school 
children. We expect them to work at details only after some 
kind of a plan is understood. But when we come to the solution 
of applied problems in arithmetic and algebra we suddenly 
change our tactics. We assign problems, but do not provide 
any plan, any general method of attack. To be sure we show 
them that we ourselves can obtain correct numerical answers to 
the problems that we use as illustrations; but we do not show 
how we form the plan of action. We only show the action. 

Quite a few writers of textbooks acknowledge their inability 
to furnish specific directions. But most put up a bold front and 
give directions worded somewhat as follows: 


Read the problem with understanding. 
State what is given. 

State what is to be found. 

State the processes you will use. 
Solve the problem. 

6. Check. 

This procedure is sometimes called analysis. That it does not 
function very satisfactorily is well known. Experiments under 
controlled conditions have shown that children instructed to 
“analyze’’ every problem do not improve in problem solving 
ability any more than children who are allowed to solve by home 
made methods. This failure has caused some writers to state 
dogmatically that problem solving is purely a guessing process 
and that systematic attacks are impossible. They probably 
reason as follows: “Since we cannot give definite and specific 
directions on how to solve problems and since we are using 
guessing methods, therefore systematic methods do not exist.”’ 

The purpose of this lecture is to show how the writer’s syste- 
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matic method of analysis' while originally devised for algebraic 
problems, can be modified to suit the mentalities and back- 
grounds of younger pupils. 

The problems are taken from Stone’s Reasoning Tests No. 2. 

Stone’s tests were selected because the writer was informed 
that they have been used extensively beyond the experimental 
stage. They also appeared better graded with respect to diffi- 
culty to pupils than some of the other published tests. 

The writer gives the following general directions to his begin- 
ners: 

1. Read the problem. 

2. State the main quantitative thoughts as briefly as possible. 
Or: make statements of comparison between sets of quantities. 
Or: write verbal equations. 

3. Identify the quantities with the terms of (2). 

4. Substitute if necessary, then do the arithmetic work indi- 
cated. 

5. Interpret the result, check, and prove. 


DISCUSSION. 


These directions are immediately made meaningful by means 
of thoroughly explained illustrations. 

Step 1 is incorporated as a pure matter of form, for it may be 
assumed that pupils usually read problems before trying to solve 
them. The addition of attentively, carefully, intelligently, or with 
understanding does not add much to the value of any directions. 

The last step will be omitted in the illustrative examples given 
in this lecture for the reason that the writer has not anything to 
add to the conventional procedure. 

The remaining steps will be better understood after examining 
the analyses and solutions actually made by the writer’s pupils, 
as it is considered that the slightly different procedures will be 
of more interest than the writer’s own solutions. 

The word quantity is taken to mean anything that can be meas- 
ured, anything that can be increased or decreased, anything that 
can be expressed in terms of units of measurement. Quantity is 
used instead of number owing to the fact that the latter word 
may be interpreted in more than one way by the child. 

The material in parentheses was added by the writer in order 


1Described in The Teaching of Elementary Al a, Houghton Mifflin Company, 1925. 
*By permission of the publishers, Bureau of ublication, Teacher's College, N. Y. 
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to enable the reader to follow the actual procedure more closely. 

Problem 1. A man starting on a journey took $200. He paid 
for railroad fare $67; for berth in a sleeping-car 4 days, at $2 a 
day; hotel bills 15 days at $3 a day; other expenses $23. How 
much money had he left? 

Solution. Step 2. Had less spent = what is left. 

Step 3. Had = 200 

Spent = 67+2x4+15x3+23 
143 
Left =? 

Step 4. (First placing the values of had and spent under the 

corresponding words of the verbal equation.) 
Had less Spent = Left 
200 — 143 = Left, etc. 

The verbal equation of step 2 is the result of the mental 
analysis that took place while reading the problem as a whole. 
Understanding the conditions of the problem, a frequently en- 
countered phrase, means then that the pupil is enabled to form 
the judgment of comparison expressed by the verbal equation. 
Once written down this brief equation becomes the plan of ac- 
tion. Each quantitative term contained therein may be consid- 
ered apart from the rest; that is, the problem is broken into as 
many parts as there are terms. But the most important feature 
is that after the study of each separate part, ending with the 
written expression of the conclusion in step 3, the pupil is enabled 
to turn his attention to the next term without any mental read- 
justment to meet the new part. He does not lose sight of the 
general plan. Many children using the traditional procedure 
would figure spent, then wonder what to do next. 

While experienced computers form such a plan mentally and 
keep it in mind while working on details, few children are able to 
imitate them, especially if the latter have not been shown what 
is really done. It may be stated however that persistent pupils, 
after they have attacked a few hundred problems, somehow 
acquire the ability to solve problems by the mental analysis 


process. But such pupils are rare. 
It is possible to abbreviate the solution as follows: 
Had — Spent = Left 
200 — (67+2x4+15x3+23) = Left 
But this procedure is not advisable at the beginning. Short 
methods should be allowed to develop of their own accord as skill 


increases. 
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Pupils should be required to write the numerical equation 
under the verbal equation in every problem solved. The habit 
of using symbols and of substituting is slow in forming. If this 
practice is adhered to in arithmetic work, later algebra work is 
greatly facilitated. 

Problem 2. Sam has 12 marbles. He found 3 more and gave 6 
to George. How many did Sam have left? 

The analysis is obviously similar to that of problem 1. It 
gives: 

Had+found — given away = left. 
2+ 3 - 6 = left. 

The frequency of problems of this type indicates the advis- 
ability of drill in horizontal addition. Practical minded educa- 
tors will probably accept such drills after being informed that 
horizontal addition is frequently used in commercial and indus- 
trial work, and that early practice in the process would also save 
time in later algebraic work. 

Problem 3. A man bought 163 barrels of flour at $11 a barrel. 
Fifteen barrels were spoiled and the remainder sold at $13 a 
barrel. Did he gain or lose and how much? 

Step 2. 1. Bought less sold = loss. Or: Sold less bought = gain. 

2. For bought as well as for sold: 
Total amount = number of barrels x cost of one barrel. 
Step 3. Bought = 163x11 = 1793. 
He sold 163—15 = 148 barrels. 
Sold = 148x13 = 1924. 
(Comparing bought with sold shows that we have:) 
Sold —bought = gain. 
1924—1793 = gain. 

The relationships among the quantities may be displayed by 
the diagrammatic method used by the writer in analyzing prob- 
lems. Reading the equations vertically as well as horizontally, 
we have: 

Sold — bought = gain. 
| | 
(163 — 15) 163 
x x 
13 Ll 

Such diagrams show clearly that the conventional practice of 
gathering details without a perception of the interrelationships 
among them and of their ultimate use is not sound. It also shows 
that the method described in this lecture, inasmuch as it demands 
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a plan—the verbal equation—enables the child to carry out an 
analysis immediately followed by a synthesis, the integration of 
the particular fact found, in its proper place. The conventional 
analysis is thus seen to be simply a disintegrating analysis, a 
breaking up into facts which to the child appear unrelated. At 
the end of such a procedure he is expected to gather up the entire 
mass, rearrange it mentally, and obtain what? Merely the ver- 
bal equation, probably mixed up more or less with numbers. 
Small wonder that so few people can solve problems! 

Problem 4. A drover bought 132 heads of cattle at $45 a head, 
and 67 at $61 a head. He sold them at $50 a head. Did he gain 
or lose and how much? 

Step 2. (We have obviously, as in the preceding problem:) 

Bought less sold = loss. Or, sold less bought = gain. 

Total amount = cost per head X number of heads. 


Bought = bought at $45+bought at $61 
= 13245 +67 X61 
= 10,027. 
Sold = 132+67 heads, both lots at $50 
= 19950 
= 9,950. And the remaining comparison is obviously 
indicated. 


The class discussion of this problem showed that several pupils 
were dissatisfied with the sold equation; it took too many words 
to express the meaning. Several symbols were suggested until 
finally something resembling parentheses was adopted. 

It would be of interest to educational efficiency experts to 
learn that not one of the children used the shortcut solution that 
practiced computers use: 

Gain on 132 heads 132 5 = 660 

Loss on 67 heads 67X11 = 737 ete. 

Problem 5. A boy had $500 when he was 16 years old and he 
saved $100 a year until he was 20. How much had he then? 

Step 2. Had+saved = amount at 20. 

Saved = saved per year X number of years 

Had = 500 

Saved = 1004, etc. 

Problem 6. If a bookkeeper receives $1400 a year for his serv- 
ices and his expenses are $840, in what time can he have enough 
to buy 42 acres of land at $140 an acre? 

Step 2. Amount saved = cost of land. 

Amount saved = saved per year X number of years. 
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Saved per year = 1400—840 = 560. 
Amount saved = 560Xnumber of years. 
Cost of land = cost per acreXnumber of acres. 
= 42140 = 5880. 
Amount saved = cost of land. 
560 X years = 5880 
years = 5880/560, etc. 

Such methods may be considered cumbersome, but on the 
other hand they certainly develop clear and systematic thinking 
habits. After a number of problems are solved systematically 
shortcuts appear—an increasing amount is done mentally. 

The structure of the problem, as shown by the relation dia- 
gram, may be of interest. 

Amount saved = cost of land 
| | 
Number of years 140 
x x 
(1400—840) 42 

The position of the unknown quantity, that is, the require- 
ment to carry “number of years” through a couple of equations, 
shows that this problem should be handled by means of algebraic 
methods. 

It should be noted that the conventional directions do not pro- 
vide for t!.c recognition and statement of the essential relation- 
ship: amount saved = cost of land. We may say that the opera- 
tions are subtraction, multiplication, and division, but between 
the last two operations appears the “‘reasoning’’: But the amount 
saved is equal to the cost of the land, Therefore. v4 

It must be conceded that keeping the relationship amount 
saved = cost of land in the background and springing it suddenly 
on the pupils is far more spectacular than stating it right from 
the start and wearily grinding out the solution. We all like 
theatrical effects, and pulling off fireworks at the exact time when 
the class is nonplussed is quite gratifying to our vanity. But 
this presentation does not teach children to solve problems. 
It merely teaches them that teachers and authors are very clever. 

Problem 7. Mr. Brown earns $32 while Mr. Smith earns $21. 
How much money will Mr. Brown earn while Mr. Smith earns 
$189? 

Step 2. Assuming that the week is the unit of time. 

Weeks that B earns = weeks that S earns, 
and: Total amount earned = amount per week X number of weeks. 
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For 8. Total amount = 189 = 21Xnumber of weeks. 

S works 189/21 = 9 weeks, and B works the same number of 
weeks. 

Ameunt earned by B = 329. 

A solution of the unitary reasoning kind may be of interest. 

My plan is to find how much B earns for every dollar earned 
by S, then multiply by the total amount earned by S. 

For $21 that S earns, B earns 32. Therefore for every $1 
earned by S, B earns 32/21, and for $189, B would earn 189 
32+21. 

The relation diagram shows that the first method is preferable. 


MT Amount earned by B 
| 
(period Wy time) = (period time) 
x x 
21 23 
We have: B/32 = period of time of B = period of time of § 
= 189/21, or B/32 = 189/21. 


When we write the last expression directly after reading the 
problem we shortcut the process given in full above. But the 
child cannot short cut something that he does not perceive, 
hence the well known fact that few persons can solve proportion 
problems. 

The writer does not teach proportion to elementary classes for 
an additional reason. Experience has shown him that most 
pupils considered the device as a mere assistance to guessing. 
They would solve the above problem somewhat as follows. First 
they would write various combinations of numbers such as 
32X21+189, 21X189+32, 32*189+21. Then they would 
select the most promising arrangement. A pupil once told the 
writer that. he liked proportion problems because he knew that 
addition and subtraction would not be required, hence there was 
one chance out of three to guess the right solution. It is presumed 
that psychologists would call such a process “‘selective thinking’’! 
The writer’s contention is that the modern practice of teaching 
with a minimum of theory is responsible for this deplorable con- 
dition of affairs. If you leave the child without a theory or ex- 
planation he will invent one of his own. 

Children trained (?) to obtain results “by any method,” as 
advised by a prominent text writer, use similar “‘methods’’ in 
problems not leading to proportion. They add, subtract, multi- 
ply, or divide as their sweet fancies dictate, trusting to luck to 
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get the right answer. Then we wonder why such children are 
found later to be only ‘62% efficient in arithmetic.” 

Problem 8. A school in a certain city used 2516 pieces of 
chalk in 37 days. Three new rooms were opened each holding 
50 children, and the school was then found to use 87 pieces per 
day. How many more sticks of chalk were used per day than 
before? 

Step 2. Daily chalk before+more chalk=chalk after 

Daily chalk before = 2516+37=68 

More chalk =? 

Chalk after =87, 

68+ more chalk =87, etc. 

The writer persuaded a firm believer in the conventional 
method to assign this problem to her class. The results were 
somewhat disconcerting. A substantial percentage of the 
pupils turned in “analyses’’ of the following type: 

Given: Chalk used = 2516 pieces in 37 days 

Number of new rooms =3 
Number of children = 50 
Pieces of chalk used daily = 87 

To find: how many more pieces were used. 

Processes you will use: Division, multiplication, addition, 
subtraction. 

The start was good: 2516/37. Having obtained 68 in a few 
minutes and lost track of their original plan or hypothesis, they 
returned to the list of given for fresh inspiration. There they 
found number of new rooms and number of children. Multiplica- 
tion was clearly indicated. Having obtained 150 and forgotten 
their plan again they cast around for some operation to perform 
so they added 68 and 87 just for luck. Hurrah! The result was 
155, a trifle more than 150. Besides their list of operations 
said subtraction. Subtracting 150 from 155 gave 5 pieces of chalk 
which looked like a reasonable answer. Then, having been 
trained not to lose an instant, they industriously turned to the 
next problem. 

Few textbooks warn children about irrelevant details or facts, 
in spite of the fact that our life problems are usually presented to 
us in settings bristling with material immaterial to the solutions. 

Problem 9. Divide $432 between A and B so that A will have 
$16 more than B. 

Solution 1. Divide the money evenly between them, then let 
B give $8 to A. 
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This ‘‘trick’”’ solution occurs so often that it deserves special 
mention. The writer has heard mechanics use it when cutting 
material, and has even heard a small child use it in dividing 
marbles with a chum. One textbook writer who did not know 
the trick made up two full pages of problems of this type to the 
great joy of a class that discovered the shortcut method of solu- 
tion. But some pupils are not lucky, so another solution is given 
here. 

Step 2. A and B have 432 

A+B = 432 

A has 16 more than B. If 16 is added to B they have equal 

amounts, or 














A = B+16 
A+B = 432 
| 
B+16 
Whence B+16+B = 432, 


and algebraic methods completed the solution. It must be men- 
tioned however that that particular class had studied equations, 
the substitution method of simultaneous equations, and had been 
introduced to the concept of parentheses. 

A pupil trained by the ‘‘use any method” system turned in the 
following interesting solution. Starting with the idea that A 
had the whole amount and was giving it to B in $16 installments, 
he made a table of the transactions 


B A 
0 432 
16 416 
32 400 
Finally he came to 192 240 
208 224 


Which satisfied the conditions of the problem. The writer would 
suggest that problems in which the amounts run into thousands 
be used sparingly with pupils of this type. 

Problem 10. Two carpenters receive $154 for the work they 
do on a house. One worked 18 days and the other 26 days. 
How much did each receive? 

Step 2. AandB receive 154. In all they worked 18+26 days. 


Both worked at the same rate of pay. 
Total amount received = amount per day Xnumber of days 




















ARITHMETIC PROBLEMS 33 


Amount received for one day = 154/44 = 3.50 

Amount received by A = 183.50, etc. 

This solution is considered superior to one of the following 
type: Both worked 44 days. A worked 18/44ths of the time. 
Therefore he earned 18/44 of 154. Pupils understand the reason- 
ing but fail to perceive the thoughts that lead the solver to take 
the steps indicated, to form the plan. 

The relation diagram shows that obtaining the rate per day 
should precede the calculation of the amount received by each. 
If we let R = the rate per day, 


A+B = 154 
ll il Il 
18+26 = 44 
2m 


R=R=R . 

This shows that we can solve by two methods. Substituting 
for A and B by means of the first two vertical equations we ob- 
tain 18R+26R = 154. Solving the last vertical equation for R 
we have R = 154/44. 

(To be continued) 





SEAGULLS. 


Seagulls are almost always spoken and written about as a part of the 
romantic setting of the seacoasts, aa though they can not exist apart from 
salt water. As a matter of fact, however, they are very frequently found 
hundreds of miles from the nearest ocean frontier, perfectly at home on 
great inland lakes, through rarely appearing on rivers. 

Seagulls are one of the commonest of sights on the Great Lakes, for 
example, and circle and scream amid the noise and smoke of city water- 
fronts. Even as far west as Chicago and Milwaukee they are permanent 
residents, retiring tc the mouths of small streams kept unfrozen by com- 
mercial pollution when ice blocks the open water in January. They appear 
on the Great Salt Lake in Utah, and on that highest of North American 
freshwater bodies, Yellowstone Lake. On these two lakes, however, they 
are not permanent denizens, but migrate to the ocean in winter. Some 
naturalists state that they go to the Gulf of California—a route which 
may have been established many milleniums ago, when the Pacific ex- 
tended eastward much farther than it does at present. 

The gulls of the Great Salt Lake are rigidly protected by Utah law‘ 
it is a crime to kill one. When the first Mormon settlers planted their 
first crop, hordes of crickets began to ravage the fields and starvation 
stared the colony in the face. When the situation appeared most desper- 
ate clouds of white gulls suddenly appeared. Settling on the fields, they 
fed on the crickets, sweeping the pest away as the insects had lately 
threatened to sweep the crops. The devout Mormons hailed this as a 
direct act of Providence, and gulls have been sacred birds in Utah ever 
since. The finest monument on the Temple grounds in Salt Lake City 
was erected not to Joseph Smith nor to Brigham Young, but to the white- 
winged gulls of the sea.—Science News-Letter. 
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HISTORY OF THE BIOLOGICAL SCIENCES IN SECONDARY 
SCHOOLS OF THE UNITED STATES. 


By Grorce E. NELson, 
College of the City of New York. 
[This excellent article, only half of which appears in this issue, should be 
read by all biology teachers and will be found interesting to many others. 


The second section of the article will be published in the February num- 
ber.—Editor.} 


Biology is a secondary school subject which possesses an 
interesting history. It appeared in the first high schools about 
a century ago. Nearly two hundred years before this, however, 
some biological material was offered in the secondary schools. 
These pioneer endeavors were the Latin Grammar School and 
the Academy. They will be discussed at some length inas- 
much as they had considerable influence upon the subsequent 
schools. 

Colleges and elementary schools existed before the high schools 
were introduced. The college gradually extended its influence 
downwards into the Latin Grammar School which served as the 
preparatory school for the college. The elementary school, on 
the other hand, extended its influence upwards into the academy 
and then into the high school. Thus, neither Latin grammar 
school nor academy functioned as the link between elementary 
school and college. During this period Biology and the other 
secondary schools studies did not articulate with those of the 
college. 

By classifying the development of biology teaching into four 
characteristic periods, the trend is exhibited in an illuminating 
perspective. The periods represent the operation of similar 
standardizing agencies. This division provides a better point 
of departure for the study of the development than one based 
upon the appearance of textbooks, since the latter are the result 
of a demand and not the cause of a movement. A brief summary 
of the four periods suggests their character and indicates the 
subsequent treatment. 

1635—1820. 

Latin Grammar School is dominant. There is no definite 
provision for biological studies. Natural History is occasionally 
offered to develop a philosophical appreciation of the wonder of 
God’s creation but it serves no scientific purpose in the curricu- 
lum. 
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1821—1864. 


Public High Schools appear. The Academy has a dominant 
position in secondary education because of the practical nature 
of its course. Biology is taught chiefly by means of text books. 
There are few competent teachers of the subject. The purpose 
of the course is “to impart certainty to the mind and religion to 
the heart.” 

1865—1890. 


Influence of the Academy wanes while that of the high school 
increases. The disciplinary value of biology is recognized, even 
by those devoted to literary studies. Classification, drawing, 
and real laboratory work become important elements of the 
course. Popular demand for biological knowledge grows and 
biology is hailed as a cure for all the ills afflicting education. 


1891—1927. 


The high school dominates. Science enrollments decrease but 
biology holds the leading place among the sciences. The need 
for the interpretation of facts and the study of the signiffcance 
or vital processes is felt. The biology of man in its social and 
economic aspects is studied. Committees and specialists attempt 
to organize biology courses which will function in the lives of 
students. 

The first secondary school in this country was the Boston 
Latin Grammar School established in the year 1635. It was 
natural that our first schools should be a reproduction of those 
of the mother country, accordingly this school was a replica of 
the typical Latin grammar school of England and offered the 
characteristic classical course and a study of the Scriptures. 
Languages comprised almost the entire curriculum of the uni- 
versities of this period. The Latin Grammar Schools, which 
prepared for immediate entrance into the universities, concen- 
trated their attention upon the same languages also. These 
schools enjoyed a flourishing existence from early colonial times 
until the Revolution. Then the Academy replaced the Latin 
Grammar School to a great extent. 

Dissatisfaction with the Latin Grammar School had frequently 
been expressed by a number of influential and progressive colon- 
ists, including Benjamin Rush, Robert Coram, John Sullivan, 
Nathaniel Chapman, Noah Webster and others. They disliked 
the English type of school with its narrow, theoretical viewpoint. 
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In its place they suggested the creation of an entirely new type 
of school which would promote a broader, more democratic spirit 
and inculcate the practical ideals of American life. These hopes 
were realized in actuality with the development of real American 
nationality by the establishment of Academies. They were 
organized at about the time of the Revolution and maintained 
an important place in secondary education until about 1875. 
The first Academy was proposed by Benjamin Franklin and was 
established in 1751 under the name of the Philadelphia Academy. 
Phillips Andover (Mass.) was established in 1778, and Erasmus 
Hall (N. Y.) in 1787. The growth in the number of academies 
was enormous. By 1800 there were at least thirty in North Caro- 
lina, twenty-one in Virginia, twenty in Massachusetts, fourteen 
in New York, twelve in Pennsylvania and a similar number in 
other states. In 1828 New York State alone had fifty incorpor- 
ated academies, three of which taught botany and one geology. 
Biology had appeared before this, for botany was offered in New 
Salem Academy in 1795 and zoology in Wesleyan Academy 
(Wilbraham, Mass.) in 1818. The academies were very popular 
because they attempted to prepare students for the practical 
needs of life. They extended their scope later and also provided 
a college preparatory course. 

Massachusetts, the leader in many important educational 
projects, was also the pioneer in the high school movement. It 
established public secondary schools by the law of 1677. Other 
New England colonies soon passed similar laws to establish public 
secondary education in their respective territories. The aim of 
secondary teaching at this time was nothing more than prepara- 
tion for college. No biology was taught in these secondary 
schools. In fact practically none was included in the college 
course. At Harvard, for example, which was founded in 1636, 
there was no mention of natural history, as biology was then 
known. President Dunster did all the teaching. The program 
of studies was not very definitely arranged, but in 1642 there 
appears this provision: “that seniors shall study the nature of 
plants for one hour on Saturday afternoons during the summer 
months.”’ Fortunate, indeed, was Harvard in these early days 
for the attendance never exceeded twenty. The selection of 
freshmen and the limitation of the size of classes never worried 
President Dunster. No further mention is made in the Harvard 
course of study of botany until the middle of the eighteenth 


century. 
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We must not overestimate the contemporary biological in- 
formation and ideas, for these were practically the same as those 
which had been held by Aristotle more than a thousand years 
before. Scientist and layman, alike, believed that birds hiber- 
nated in the mud at the bottom of ponds. In medical practice 
the patient was frequently almost bled to death as a favorite 
remedy for the curing of sickness. Almanacs designated the 
proper time of the day for the letting of blood and this varied 
according to the age of the patient. The usefulness of any plant 
or animal in curing disease was supposed to be indicated by some 
label which God had placed upon it to resemble the disease. 
Hence, since toads had warts, black powder (charcoal) made by 
boiling, charring and pulverising the remains of toads was sup- 
posed to cure any skin eruption, even smallpox. With so little 
and so fallacious a body of biological knowledge, is it surprising 
that biology occupied such a minor place in the school curricu- 
lum? It was only when the stirring discoveries of the latter half 
of the nineteenth century stimulated the minds of the general 
populace that there was a popular appeal and an intrinsic interest 
in this subject. 

This period from 1821 to 1846 saw the rise and expansion of 
the public high school throughout New England. The first high 
schools, as we employ the term, arose at that time. They de- 
veloped as the legal successors to the Latin Grammar School and 
as the natural offspring of the private academy. Between 1821 
and 1840 there was much experimentation and standardization, 
with the result that the fundamental principles of high school 
policy wére then established. Massachusetts showed consider- 
able initiative in attempting to establish these high schools upon 
a sound basis. 

A new aim, borrowed from the academy became evident in the 
purpose of the high school course—namely, preparation for life 
activities as well as for college entrance. The religious motive 
was prominent in science teaching and a science was studied 
chiefly as a means of showing the divine power of the creator. 
With this purpose in mind zoology was first introduced into the 
high school curriculum. This was in the year 1825 or there- 
abouts. 

During the early part of this period biology was taught only 
in a few schools. Public and common schools excluded it en- 
tirely because it was believed to be useless. The real reason was 
the lack of good teachers, absence of laboratory facilities and the 
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lack of usable texts. The texts employed were reprints of foreign 
books which had not been altered. When students attempted 
to compare their specimens with the text, they achieved little 
satisfaction inasmuch as the American specimens were different 
from the Continental. The courses attempted to study the 
technical nomenclature of the plants but went no further. Speci- 
mens were collected, preserved and labelled. A herbarium was 
usually required from each student at the end of the course 

In 1827 the Rensselaer Institute was founded for the purpose 
of teaching science in its application to life. This institution 
had an important influence in the development of practical 
science, for it produced many teachers who later disseminated 
the facts of natural history to the sons and daughters of farmers. 
It also played an important part in the establishment of a science 
of agriculture. 

The American Journal of Education for this period is replete 
with articles concerning the teaching of languages but there are 
only a few devoted to science. In 1829 an article appeared prais- 
ing the value of apparatus and specimens for the instruction of 
children. It declared that they are essential appendages to 
every school room and library and nursery. Another article 
entitled ‘The Natural Sciences’ apparently was very revolu- 
tionary, for it was prefaced with an editor’s note, ‘‘We hope we 
will not be understood as advocating the scientific part of educa- 
tion to the exclusion of the literary.’’ The article itself offers 
some reasons why the natural sciences should be accorded a 
higher rank in education. It claims that logic, intellectual phil- 
osophy and mathematics offer nothing for the general improve- 
ment or happiness of mankind. One of the most important 
articles to appear in 1829 was entitled “Botany for Schools.” 
The values claimed for botany were: 

1. Interesting and delightful occupation for the youthful mind. 
Shows the beauty of the works of the Creator. 

2. Adds interest and utility to our journeys and walks. 

3. Healthful exercise. (Note) There is a precaution important 
to health, but not always observed by persons interested in this 
pursuit, and from the neglect of which suffering has been ex- 
perienced, namely, that in botanical excursions particular care 
should be taken to keep the feet dry. 

4. Attentive and accurate observation. 

5. Habits of order. 

6, Practical use for medicine, geology and entomology. 
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7. Promotes moral thoughts. It is nearest to astronomy in 
this respect. 

8. It is a very satisfactory subject to teach girls. 

Some botany text books of this period might be mentioned: 
Nuttal’s Introduction to Botany. Goodrich’s Child’s Botany, 
(hand engravings, intended for primary classes). Eaton’s Manual 
of Botany. (Presented detailed study.) Natural History of Quad- 
rupeds. (Moral and religious reflections.) Bigelow’s Plants of 
Boston. (Probably the best book of the period.) Lincoln’s Famil- 
iar Lectures on Botany, 1829. 

The religious motive was most important in the treatment of 
the subject. The following excerpt from Mrs. Lincoln’s book 
illustrates this: 

“Pliny says, the ‘Lily is next in nobility to the rose.’ Linnzus 
called them ‘Nobles of the vegetable kingdom’ ; he also called the 
palm trees ‘Princes of India’, but in our republican country, 
where aristocratic distinctions are little regarded, we will not 
attempt to introduce these titles of nobility among the flowers. 

“In the Hexandria, the symmetrical ratio between the number 
of stamens and the divisions of the other parts of the flower, is 
generally to be found. In the spider’s wort, (Tradescantia) 
which has 6 stamens, we find the corolla 3 petalled, calyx 3 
leaved, and capsules 3 celled. In the third class, which has 3 
stamens, the divisions are often 6. 

“In the lily, which has 6 stamens, there are 6 petals, 3 of these 
are exterior, 3 interior; the capsule is 3 sided, with 3 cells, and 3 
valves; the seeds are arranged in 6 rows. This proportion of 
number seems to forbid the idea that this plant grew up merely 
by chance, without the agency of any designing mind. We are 
not to expect always to see the same symmetry in plants as has 
been here remarked. It is in the natural as in the moral world, 
that although everywhere around us we see such proofs of order 
and system as would manifest the superintending care of one 
Almighty Being; yet there are irregularities which we cannot 
comprehend; but although we may admire the order, we are not 
to say that even what seems disorder, is formed without a plan.”’ 

In 1837 John Lewis Russell lectured at Boston, Massachusetts, 
before the American Institute of Instruction on the “Study of 
Natural History.”’ This appears to be the first address in the 
country upon the subject of natural history. Natural history 
was taught in the schools chiefly by means of a textbook from 
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the time of its introduction up to about 1865. Some of these 
texts will now be considered. 

Ruschenberger’s series of zoology texts were among the first 
employed in the teaching of that subject. He prepared them 
from a work by Professors Edwards and Comte, who were at- 
tached to the department of natural history of an English college. 
The first of the series went through five editions during the first 
year. This is certainly evidence of the demand for zoology texts 
that could be used. A great number of animals are studied, the 
highest forms being considered first and the lower forms last. 
Classification is the basis of study. It is taught arbitrarily at 
the beginning of the course before the student has any concept 
whatever of its meaning. Anatomy is treated in connection with 
the higher animals but is confined to external features. These 
books were introduced into Philadelphia schools and into nearly 
all the first class seminaries. The preface of one of them states 
that “the purpose of natural history is to impart certainty to the 
mind and religion to the heart.’”’ Ruschenberger believed this 
could be accomplished through the mastery of the facts of natural 
history as set forth in books, related by teachers, and gathered 
from visits to museums and collections. Although apparently 
not in accordance with the idea, he states in his ‘‘Mammalogy”’ 
(1842) that, “It is contended that natural history is best studied 
without the use of any books whatever, except the book of nature 
and its visible illustrations. This notion is held by persons of 
much learning so that we should inquire briefly whether the plan 
has pretensions that should lead to its general adoption.”” Other 
zoology books of the period are: Chamber’s Elements of Zoology 
1847; Hooker’s Natural History—1860; Tenney’s Natural 
History—1866. 

All these books are organized upon the same plan as the first 
texts previously considered—beginning with the principles of 
classification—then the study of man and each lower group until 
finally the protozoa are treated. 

Thus we find that while the first botany courses began with an 
intensive study of morphology and technical names, zoology in 
its early days placed emphasis upon the study of the natural 
history of animals. Neither botany nor zoology (natural history) 
have had a strong position in the secondary schools up to this 
time. Lack of both competent teachers and good texts, together 
with the weakness of the science of biology seem to have been 
responsible for this situation. Other forces that were actually 
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operating to standardize the biology course became prominent 
about this time. These continued throughout the period from 
1865-1890. 

The high schools were the product of a popular demand for a 
secondary education better adapted to the needs of all classes 
of students. Academies and college preparatory schools had 
developed courses similar to those in the colleges. High schools 
were now doing likewise. Teachers and principals were devoting 
their best energies to the small percentage of students who were 
preparing for college. Each college, however, was at this time 
setting its own entrance requirements without reference to those 
of any other college. The high school tried to meet them all by 
having the graduates prepared to take the entrance examinations 
of the respective colleges they wished to attend. This lack of 
uniformity in the preparation of students in the same school, 
and the conflict between those preparing for college and those 
preparing to enter vocations immediately after graduation led 
to an intolerable situation. 

This administrative difficulty, however, was not the greatest 
obstacle to science education. Educators were divided into two 
antagonistic groups. One included the classical monopoly which 
had up to this time controlled education and resisted every effort 
to introduce science into the curriculum. The other was the 
scientific group which was daily gaining strength because of the 
increasing popularity of science due to the great inventions and 
discoveries of the latter half of the nineteenth century. The 
latter pleaded for science because of its valuable content and 
utility. The arguments of the scientific group are treated quite 
fully in Spencer’s ‘‘What Knowledge is Most Worth?” and in 
Huxley’s “Liberal Education.” Agassiz, one of the leading 
protagonists of the scientific view, made the sweeping statement 
in 1872 that, ‘a few weeks training in natural science is the best 
preparation a man can have for work in any department of life.” 
This is quite in contrast with the claims of the classical group 
for their studies. In addition to the religious aim, which still 
was the leading one, and the attempt to prepare for life activi- 
ties, science teaching endeavored to train in neatness and to give 
the student some experience in inductive reasoning. It was 
recognized by everyone that this type of mental training was not 
acquired in the study of the classics and that science could readily 
supply it. 

About 1860 Mr. Hooker first made the claim that natural 
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history disciplined the mental powers, saying, “It is just as 
valuable as mathematics or languages and cultivates the percep- 
tive and reasoning powers together in the process of intelligent 
observation.” 

The New York Teacher in January 1864 states, ‘““The current 
is strongly setting in favor of more general study of natural 
science in our schools. A few years ago hardly any attention was 
given to it, even in high school. Now, too often, it is crowded 
into the last year of the course.” 

About this time the female seminaries developed. It was largely 
in these that botany was taught, inasmuch as it was considered as 
a subject more attractive, elegant and precise than zoology, and 
thus well adapted to the requirements of female education. 

With the realization that science had been slighted in the 
elementary school curriculum, some had been introduced during 
the latter half of the nineteenth century. Horace Mann’s propa- 
ganda had made physiology a regular subject in the elementary 
school. C. W. Eliot had argued convincingly for natural science 
in the early grades. Another man, who was responsible for much 
of the spread of science, was George Combe (1788-1858). He 
had influenced Spencer, Huxley and Horace Mann. Edward L. 
Youmans (1821-1887), the founder of the International Scientific 
Series and the Popular Science Monthly, employed these publica- 
tions to disseminate the ideas of Darwin, Huxley, Tyndall and 
Heckel. In 1850 the State of Massachusetts made the teaching 
of physiology compulsory in all elementary schools of that state. 
The introduction of physiology intothe elementary schools was one 
of the first effects of the active organization of the science group. 

(To be continued.) 


ENTOMOLOGY AND BOTANY FOR RURAL SCHOOLS. 

A nature study project involving a special study of common birds and 
insects for seventh-grade pupils and a similar study of trees, flowers, and 
weeds for pupils in the eighth grade are in preparation by the department 
of public instruction of Michigan, for use in rural agricultural schools. 
The work will combine home and school activities and may be correlated 
with regular courses in English, geography, agriculture, and general 
science; it will be a prerequisite for courses in botany and zoology. It is 
expected that the course will be given by regular teachers, supervised by 
the teacher of agriculture.—School Life. 


For graduation in the College of Pharmacy, Columbia University, 
completion of three years’ work will be required hereafter. Students will 
not be accepted for a two-year course. The optional four-year course 
has been strengthened, and the bachelor of science degree will be awarded 
for its completion. 
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WHAT CONSTITUTES EFFICIENT DEMONSTRATION WORK 
IN GENERAL CHEMISTRY.* 


By Raymonp R. JARED, 
Cass Technical High School, Detroit, Mich. 


I am frank enough to say at the very beginning that I do 
not know what efficient demonstration work is, in teaching 
general chemistry. It is a question that experienced teachers 
of chemistry have pondered on for a long time and on which 
some of us have had some very definite opinions in times past. 
But the more experience we get and the older we are, the less 
sure we are of some of our opinions. 

We are beginning to realize that the learning process is a 
very complicated one and so many factors enter it that it is 
almost impossible for anyone to hold to any definite opinion 
as to the value to learning, of any particular method of pro- 
cedure. All of which goes to show that we have been governed 
too much in our teaching by mere opinions that are changed 
from time to time. And yet, there isn’t very much else for 
us to follow. 

If we only knew a little about the learning process, that little 
would help us decide how to teach, provided we knew what was 
worth teaching! 

The psychologists are trying to help us out, for they are try- 
ing to throw some light on the learning process. But they are 
finding it difficult to get very far. It will take long and arduous 
labor, together with the keenest of minds before much is accom- 
plished. This, psychologists are preparing to do, but we must 
be careful not to attach any undue importance to “half 
baked” studies of this and that by amateur self-styled edu- 
cational experts. 

When we know more about the learning process and when we 
know how to measure accurately what has been taught, then we 
shall be able to talk about the efficiency of this or that method 
or device. 

Perhaps a better title for this paper would be “Some Ways 
in Which Demonstration Work Can Be Efficiently Employed 
in Teaching General Chemistry.”” There are a few general 
uses of demonstration work that can be discussed and whose 
value and efficiency few will question. No doubt, most wide 





*Read at the Chemistry Section of the annual meeting of the Central Association of Science 
and Mathematics Teachers at Detroit, Nov. 26, 1927 
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awake chemistry teachers are already using demonstration 
work in the manner that will be described, so I am not trying 
to fool you or myself into thinking that I am making any con- 
tribution to the subject. 

I should like to point out and discuss four phases of general 
chemistry in which demonstration work could be effectively 
and efficiently used. They are as follows: 

1. In the stimulation phase of the student’s learning process. 
A large amount of demonstration would come at the beginning 
as the student’s introduction to chemistry and as new divisions 
of chemistry are introduced. 

2. In teaching certain elements of laboratory technic or 
laboratory procedure. 

3. To encourage student activity and participation in class 
room and laboratory. 

4. In extra curricular activities of chemistry and science clubs. 

The first three apply directly to formal chemistry teaching, 
but the last one applies only to activities entirely outside the 
class and on which there is usually no credit considered. How- 
ever, the outside activities enable a student to acquire consid- 
erable chemistry of a sort. 

Each of the above phases will be discussed a little more fully 


in the following. 


1. DEMONSTRATION WORK IN THE STIMULATION PHASE OF 
LEARNING. 


We all recognize that the learning of any subject matter 
is far more effective when the learner wishes to learn. When 
the usefulness of any information becomes apparent, the desire 
to acquire that information becomes strong in normal human 
beings. Because of the publicity that chemistry has received 
there is an interest in its subject matter that needs only encour- 
agement. 

The wise use of demonstrations will enable the teacher to 
take advantage of this natural interest that most young people 
have in chemical facts and subject matter. It is in the intro- 
ductory phase of new subject matter that the greatest efforts 
should be made to stimulate the learner into a desire to under- 
stand what he has seen and in order to satisfy that desire, he 
will be willing to do some mental drudgery. In other words, if 
it is possible to raise some interesting questions in the minds 
of pupils about some interesting things he has shown him, and 
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also to show him he hasn't the necessary information to answer 
or explain these questions, the normal or average mind will want 
to get the information in order that he may understand the 
phenomena of nature about him. 

The beginning student in chemistry should have lots of care- 
fully made and planned demonstrations as his introduction to 
the subject, instead of being required to learn so many laws, 
definitions and the like. These demonstrations could easily 
center around the historical experiments of some of the early 
chemists. There is a no more interesting subject than that of 
man’s attempts at control of fire and his efforts to understand 
it. In this can be shown the beginning of modern chemistry. 
In this manner the study of air and oxygen could be introduced 
and the pupil’s study of oxygen begun. 

In the introduction ot any new topics the approach could be 
by a few well carried out demonstrations in order to stimulate 
and create the force necessary to carry through its study and 
mastery. 

These demonstrations would necessarily have to be by the 
teacher since the student has as yet no experience in experi- 
mental procedure. No effort should be made to completely 
explain all the chemistry involved in these demonstrations, but 
to raise the questions that need answering by a further study. 
The demonstrations that the teacher makes should be as much 
different from the laboratory experiments the student performs 
as can be made, for much repetition by the student of what he 
has already seen soon becomes mechanical. 

It is desirable that the student be given experimental work 
to do in the laboratory as soon as possible in order that the 
aroused interest can be translated into activity before there is a 
let down. 

In addition to demonstrations of the type mentioned, it will 
be necessary for the teacher to perform, as demonstrations, 
those laboratory experiments that experience has shown to be 
somewhat dangerous for students to try. In the days of smaller 
classes, the teacher could allow students to perform many of 
these experiments because he could readily inspect and see to 
it that the apparatus was correctly set up. But, with the size 
of classes that we are required to handle now, the problem of 
safety must enter in. In many cases, it is wiser from a stand- 
point of safety for the teacher to carry out the experiment and 
see to it that the questions are raised for the pupil to answer in 
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his record. This problem requires careful study on the part of 
the teacher so that the course will not be weakened by too 
much teacher activity and still see to it that the class is reason- 
ably protected from accidents. Local conditions will have to 
govern this matter to a large extent. 


2. DEMONSTRATION OF LABORATORY PRACTICE. 


The second use of the demonstration method in a most effi- 
cient way is mainly in the laboratory. The fundamental opera- 
tions and simple apparatus set-ups can be best taught by demon- 
stration, especially at the beginning of the course. 

Whether or not we agree on all our aims for teaching chem- 
istry, certainly we can agree that among other things, we are 
trying to develop a knack or aptitude for doing experimental 
work in an efficient manner. Call it what you will—laboratory 
technic, scientific method, or what not. 

We want to develop neatness, carefulness and exactness in 
laboratory operations. In order to do this, it seems to me, the 
teacher should do considerable demonstration of the best way 
to set up apparatus and the best manner in which to carry out 
fundamental operations. Diagrams and pictures in manuals 
are not enough; the student at first needs models from which to 
work. Even then it is often necessary to have some pupils 
tear down what they have done and build it up again. 

No doubt, there are some teachers who will not agree that the 
teacher should do much of this sort of demonstrating, holding 
that the pupil should develop the ability to follow directions 
and learn to do this for himself. They may not agree that the 
matter of good form and neat appearance counts for much. 
In the old days of small classes, the teacher could get around and 
criticize each pupil’s work and point out the lack of neatness, 
etc., but with large classes this is not so easily done and our 
students get scathing rebukes from college instructors when 
they get into bigher institutions for their lack of ability to carry 
out simple operations in good form. It is true that many 
students will never learn to do things neatly and that so far as 
they are concerned it matters not how you teach them. 

Unfortunately, there are teachers whose demonstration appar- 
atus always looks sloppy and lacks good form. They are inclined 
to use make-shift pieces of rubber and glass tubing that do not 
fit. They. usually apologize and excuse themselves on the 
grounds that they did not have time or opportunity to make a 
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better set-up. Especially, do they do this when there is a visitor 
who happens to drop into their class. 

Inexperienced teachers and teachers of little training in 
chemistry need to be carefully supervised in their work in order 
that they may be coached in methods of teaching laboratory 
subjects. 

Colleges and teacher training institutions are only now begin- 
ning to recognize that there is any special need for training 
teachers how to teach chemistry and other laboratory subjects. 
A lot of this looseness and sloppy habits in pupils would dis- 
appear if the prospective teacher of chemistry could get some 
training in how to teach chemistry before he learns at the expense 
of bis pupils. 

Of course, this sort of demonstration teaching can be over- 
done. It takes a wise teacher to know when he should stop and 
leave the rest to the judgment of the student. But, it will be 
of great help to the beginner if he can have something concrete 
in the way of models with which to judge his own efforts. These 
models and demonstrations of operations need not always be 
done by the teacher. As the class progresses one will always 
find especially good pupils whose work can serve as models and 
who can be used in showing other fellows how to carry out 
experimental work. 

So far, I have been discussing demonstration teaching that I 
believe teachers could most profitably carry on, namely in the 
beginning of the course and as new material is introduced for 
the first time, the purpose being to stimulate interest and thought 
in raising questions to be studied out. I have also suggested 
that fundamental operations and model apparatus set-ups 
might also be demonstrated to beginning classes in order that 
pupils may be guided in forming neat habits of laboratory 
procedure. 


3. STUDENT DEMONSTRATION TO ENCOURAGE STUDENT 
PARTICIPATION. 


There is another use of the demonstration in chemistry teach- 
ing that I consider of very great importance to students who get 
a chance to take part init. That is, in arranging to have students 
demonstrate experiments and to make explanations of their 
work to the class. I really believe this is a most valuable form 
of demonstration work. For after all, it is the actual doing 
of the work that gives the most value. The class itself will not 
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get a great deal out of this, but the student doing it will, even 
if he only gets to assist in the experiment. Of course, in a large 
class every student cannot be given a chance at demonstration 
to his fellow class mates, but a certain number can and even 
if it is necessary to use part of one of the laboratory periods, it 
would be well worth while. The student would be required to 
study his experiment and to try it out before he comes before the 
class. The class would be very critical of the work and would 
soon detect any flaws in either the work itself or any explana- 
tions offered. If a student were not well prepared he would be 
made to feel it keenly. This sort of work could easily be ar- 
ranged as a series of short projects that could be selected by the 
student or assigned by the teacher. I realize that the time 
devoted to chemistry is short and there is so much to cover that 
to make room for work of this type something will bave to be 
cut short or re-arranged. Neither do I expect our teachers here 
to exhaust each of the plans I am discussing in every class. 

The membership of some classes is such that it is difficult to 
do much out of the ordinary with it. But, by selecting such 
material from these suggestions as the class can reasonably 
cover and adapting it to the class a great deal can be accom- 
plished. 

4. THe DEMONSTRATION IN ExTRA CURRICULAR ACTIVITIES. 

The last use of the demonstration that I wish to discuss is 
outside the curriculum. It is a form of extra curricular activity. 
But, under proper supervision, its use in science and chemistry 
clubs is most profitable. 

No doubt, many of you have been beset by requests for mate- 
rial suitable for use in the home laboratory sets that have come 
into vogue in the past few years. 

Personally, I do not care to suggest much to a boy who wants 
to work at home. Some boys can do a great deal and have lots 
of common sense, but there are others whose judgment is ques- 
tionable and whom it would be unwise to encourage in home 
laboratory work. But, the organization of boys in a chemistry 
club whose members have the privilege of meeting in the school 
laboratory to do experimental work under competent supervision 
is meeting the desire for more experimental work than can be 
given in the regular chemistry class. However, the members 
of the club should have definite projects on which to work and 
it should be understood that when the projects are worked up 
they will be demonstrated and explained tothe club. About 
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one meeting a month or one meeting out of four could be devoted 
to this type of demonstration. It is really amazing what these 
youngsters will show you if you should happen to drop into one 
of their ‘show meetings.” 

I haven’t time to go into all the different things that have 
been produced in our club, some of which have been very good 
and some very poor. Of course, club members usually wish to 
work on something spectacular, such as fireworks or something 
with a loud bang to it! It keeps a sponsor of such a club busy 
trying to meet the demand for something to do and trying to 
dissuade some from too ambitious an undertaking. Whether 
or not there is any chemistry in this sort of thing, I shall not 
attempt to say. It does give experience in the ability to set up 
rather complicated apparatus in good form and does cause a lot 
of library work of a kind. I am inclined to think there is some 
value to it. 

As a sort of a climax to the year’s work, the best demonstra- 
tions could be combined into a program suitable for a school 
assembly period or a parent-teacher club meeting. The chem- 
istry club of this school put on such a program in our large 
auditorium and it was very enthusiastically received by the 
audience in spite of the fact that some of the work was difficult 
to see due to the large size of the auditorium and the distance 
from the stage. The work that the club members did in pre- 
paring for that program was certainly enormous. The skill 
showed by some of the demonstrators was really surprising. 
There is a desire in all of us to be the “showman” and we like 
to show off our skill, so that it is only natural that youngsters 
take pride in performing experiments before a large audience. 

The club members who have shown extra ability can really 
be made use of in many ways. One way in which the Cass 
Chemistry Club was used was in demonstrating liquid oxygen 
to the Chemistry One classes. These demonstrations were car- 
ried out by club members before the combined Chemistry classes 
of the same period in a large lecture room. The teachers had to 
assist in making explanations in the first classes, but the actual 
experiment work was done by students. After the club members 
had gone through the “show” a time or two, they were able to 
do it entirely without help. 

It is hoped that this paper has raised some questions in the 
answering of which, we give our teaching of general chemistry a 
serious consideration, looking to the justification of the time and 
effort that our students put into the subject. 
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A NOTE ON APPARATUS FOR STUDYING ROTATIONAL 
FORCES. 


By Pau E. Kuopstea, 


Central Scientific Co. 


In the June, 1927, issue of this Journal, Hunt! points out certain 
‘defects’ in existing apparatus of the kind mentioned in the title of this 
note, including the apparatus designed by the writer and previously 
described.2. The writer is in agreement with Mr. Hunt’s comment that 
there is much value in apparatus which permits the experimenter to study 
the effect of varying each of the three quantities while the other two are 
kept constant. At the same time it seems hardly correct to say that 
apparatus suffers a ‘‘serious defect”’ if its design permits definite changes 
to be made in only one or two of the variables which are combined in the 
equation that is being studied. Innumerable examples of apparatus 
might be cited in which a change in only one of the variables is intended. 
If apparatus in general were to be condemned for limitations of this kind 
few pieces would remain with which to carry on the laboratory study of 
physical laws. 

It is not out of place here to state the well-known fact that there are 
two general types of experiment. In one of them accuracy of measure- 
ment is emphasized; in the other greater stress is placed on illustration 
of principles. Both kinds have their place in the laboratory because 
both kinds are needed to give the student well developed ideas regarding 
the relations among the measurable physical quantities. 


The type of experiment in which each of the variables is independently 
changed appears not to be gaining the favor of physics instructors as it 
should, the probable reason being in most cases that a single laboratory 
period is too short for all the experimental work necessary to secure the 
complete data. There is also the danger that, instead of clarifying the 
student’s ideas about a certain relationship among a number of variables, 
the experiment may result in confusing him because of the numerous 
manipulations which are required of him to obtain sufficient data. Con- 
sequently the experiment which deals with changes in a single variable 
appears to be quite acceptable to many teachers, notwithstanding the 
good arguments in favor of the other type. 


Those who are laboring to impart clear physical concepts to more or less 
indifferent students will agree that great simplicity, both of design and 
manipulation, combined with the possibility of obtaining close agreement 
between the results of two check methods for obtaining values of the same 
quantity is highly desirable. These features characterize the apparatus 
described by the writer. On the other hand, the type of apparatus describ- 
ed by Hunt should be very acceptable to instructors whose aims are well 
stated in his article. 


In this connection it is pertinent to point out that, with the exception 
of one small detail, Hunt’s apparatus has been anticipated. Recently 
the writer has found an article by Maey*® which, fundamentally, closely 
resembles the apparatus described by Hunt. 

1ScHoo.t ScreNcE AND MatTuematics, 27, 589, 1927 

*Scuoo. Scrence AND Matuematics, 26, 423, 1926 

‘Zeitschrift fir den physikalischen und chemischen Unterricht, 245, 90, 1912 
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AN ANALYSIS OF MAGAZINE ARTICLES ON ASTRONOMY. 
Erma M. Krank, 
Saint Paul, Minnesota. 


Much comment has been made concerning the limited nature 
of the science vocabulary of the high school student, but very 
little has been done to determine which and how many science 
terms a child should know in order to participate, intelligently, 
in the social life of today. One of the most common mediums 


Tasue I. 
Magazines Used for the Study. 
| Number | Number 
Magazines of of 
Cc opies | Articles 
Outlook: May 5, 1926, to August i, ‘19: 26, in-| 
clusive m 15 5 


’ | 
Nie holes: January, 1925, to July, 1926, in-| 









































tas | 19 3 
ogy Capen ee ES em pee ie " 
World’s Work: Neve mber, 1925, to Avent. ; 

1926, inclusive 10 0 
aceon : caliiiamaendiidiamaiiaeid ~|— c 
Ladies pa Journal: March, 1926, to Sain, 

1926, inclusive 4 0 
Review of Reviews: September, 1925, to a, 

1926, inclusive... | 12 2 
Popular Science Monthly: March, 1926, to Au-| 

gust, 1926, inclusive; October, 1926, to Decem-| 

ber, 1926, ine slusive. q 14 
Science News Le otter: April 17, 19: 26, | to » June 26. | 

1926, inclusive; July 10, 1926, and July 17 

1926; October 2, 1926, to November 20, 1926, 

inclusive 21 58 

Atlantic Monthly: ‘July, 1925, to June, 1926,| 

inclusive s 12 l 
Se eribuer’ s: July, 1925, to October, 1926, ine lu-| 

sive 16 2 
eines Geo ; a -_. . 
Scientific American: April, June, and July, 1926. | 3 14 

— — ——E ee 
American: September and October, 1926 2 1 
Harpers Magazine: August, 1926, to November,| 

1926, inclusive 4 0 

C entury: Jens, August, Octcher, ond Movembe or, | 


192 26 4 0 


“Total _ tl _100— 4 
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of communication is the magazine and, as such, an objective 
analysis of the vocabulary used in the science articles that appear 
in them, and an analysis of the aspects of science represented, 
should assist greatly in determining both the size and the nature 
of the science vocabulary that should be at the command of the 
high school student. 

An amazing number of astronomical terms are found in the 
reading of magazine articles on astronomy. Table I indicates 
the magazines that were examined for this study, together with 
the number of copies of each and the number of articles on 
astronomy found in the magazines. 

One hundred articles on astronomy totaling somewhat more 








Taste II. 
Astronomical Terms Used in the Magazine Articles with Their 
Frequency of Use. 
(Above 10) 




















Terms Frequency; Terms Frequency 
Andromeda 29 new-star 32 
Astronomer 80 nova 13 
astronomical 47 nucleus 10 
astronomy 24 Observatory 118 
atmosphere 57 orbit 31 
axis 11 Orion 12 
calendar 78 planet 95 
celestial 15 planetary 15 
comet 43 radiation 28 
constellation 14 rotate 17 
Corona 11 rotation 15 
diameter 47 satellite 14 
diffuse nebulae 10 Saturn 18 
dome ll season 20 
Earth 115 sky 61 
eclipse 53 solar 80 
equator 22 solar system 11 
fixed-star 12 space 40 
galactic 12 spectrum 38 
galaxy 31 spiral-nebula 36 
heavens 32 spirals 30 
horizon 12 spot 60 
“Island Universe”’ 10 star 482 
Jupiter 27 stellar 32 
latitude 11 sun 407 
lightyear 20 sunlight 10 
longitude 20 sunspot 36 
lunar 26 tail 13 
magnitude 47 telescope 138 
Mars 46 thermocouple 15 
Mercury 13 time 63 
meridian 17 universe 42 
meteor 40 Uranus 17 
Milky Way 35 variable star 14 
moon 127 Vega 18 
nebula 68 Venus 17 

16 world 44 


Neptune 
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than 65,000 words were found in one hundred thirty-one maga- 
zines. This makes an average of, approximately, 650 words to 
the article. However, the length of the articles vary from 15 
words to 8,000 words. It will be noticed that very few articles 
on astronomy were found in magazines that are not scientific, 
despite the fact that the interest of children in the Junior High 
School on matters pertaining to astronomy is found to be great. 

The astronomical terms found, together with their frequency 
of appearance, are listed in Tables II and III. Only the astron- 
omical uses of words such as, spiral, are counted; and when both 
the singular and the plural numbers of words appear they are 
all listed under the singular number. Such terms as owe their 
meaning to the combination of two or more words rather than 
to each word separately, are listed as a single term. 

Table II contains astronomical terms that were found ten or 
more times in the reading while Table III contains terms that did 
not appear as often as once in 6,500 running words of printed 
matter about astronomy. It appears necessary for the high 
school student to be familiar with the terms in the first list, and, 
probably, with several in the second, in order for him to read 
effectively and with enjoyment the articles on astronomy that 
appear in magazines. The 366 astronomical terms found in the 
100 articles indicate, in part, the large range of the science vocab- 
ulary found in magazine reading and, also, the great breadth of 
science information the child must have to be able to understand 
science articles that appear in magazines. 


Tasze III. 


Astronomical Terms Used in the Magazine Articles with Their 
Frequency of Use. 








(Below 10) 

Terms Frequency Terms Frequency 
Aldebaran 2 non-galactic nebulae 5 
alpha 4 non-stellar l 
Alpha Coronae 3 “North America” 1 
Alpha Crucis l North Pole l 
Alpha Herculis 2 North Star 5 
altitude 8 northerly 2 
Andromedes 2 Northern lights 5 
Andromid meteors 1 Nova Pictoris 2 
angular diameter 4 nuclear 3 
Anteres 4 observator l 
Antipodes 1 Omicron Ceti 2 
Aquarius 5 Ophiuchus 4 
Aquila 3 opposition 5 
arc 2 orb 2 
Arcturus 6 orreries 3 
Ariel 1 Painter's Easel l 
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Asteroids 
astrophysicist 
astrophysics 
attraction 
Auriga 

Aurora 

auroral 

Aurora Borealis 
barred spiral 
bdellium 

Beta Pegasi 
Betelgeuse 
Biela’s Comet 
Big Dipper 
blink-comparator 
blink-microscope 
bolometer 
Bodtes 

bright line 
canals 

Canis Minor 
Canopus 

Capella 
Capricornus 
Cassiopeia 
Cassiopeia’s Chair 
Castor 

celestial genera 
Centauri 
Cepheid 

Cepheid Variable 
Cepheus 

Cetus 
chronograph 
clock stars 
clusters 

coelostat telescope 
Comas-Sola’s comet 
comparison-star 
conjunction 
conspicuously mixed nebulas 
coronium 

Corvus 

cosmic 

Crab 

craters 

Cygnus 

dark line 
declination 
diametrically 
Dipper 

diurnal 

double star 
Draco 

dying-star 

Eagle 

earthly 
earthward 
ecliptic 

elliptical nebulae 


Terms Frequency | 
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parabolic 

paraboloid 

parallel 

Parsec 

Pegasus 

perigee 

peripherial ring 

phase 

photoelectric photometer 
photosphere 

Pictor 

Pisces 

Planetaries 

planetarium 

Planetary nebulae 
Planetary nebula N.G.C. 
Pleiades 

polar 

polar cap 

Polaris 


| polarity 


pole-star 
Pollux 
Praesepe 


| precession 


| predominantly luminous nebulae 
predominantly obscure nebulae 





Procyon 
prominence 
pyranometer 
pyrheliometer 
Quadrature 
radiant 
radiometer 
Red stars 
reflector 
Regulus 
resolvability 
revolution 
revolve 

Rigel 
right-ascension 
rotational 
Sagittarius 
Scorpio 

“‘seas”’ 
shooting-star 
shower 
“Sickle” 

Sirius 

skyward 
solar-radiation 
solar-storm 
solar time 
solstice 
Southern Cross 
Southern Fist 
spectroheliograp! 
spectrohelioscope 
spectroscope 
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evening sky 


spiral arms 


Terms Terms 
elongation 2 spectroscopic 5 
epicycle l spectroscopically l 
equatorial 4 spectroscopy l 
equinox 4 sphere 9 
Eta Aquarii 2 spiral 9 
7 
2 


evening star 
extra-galactic 
faculae 

flash spectrum 
Fomalhaut 
galactic nebulae 
galactic pole 
galactic system 
galvanometer 
Gamma Crucis 
Gemini 
gravitating 
gravitation 
gravity 

Great Bear 
Great Nebula 
Great Red Spot 
Gregorian calendar 
Halley’s Comet 
heavenly 

helium 

Hercules 
Hunting Dogs 
Hydra 
hyperbola 
hyper-super-galaxies 
inclination 
Interferometer 
interstellar 
Irregular Nebulae 
Island 

Julian calendar 
Leo 

Leonid meteors 
Leonids 

Libra 
light-change 
light curve 
light-fluctuations 
light-period 
linear diameter 
Lion 

logarithmic spiral 
lunation 
lunisolar 

Lyra 

Magellanic cloud 
Martian 

mean time 

M. 31 

M. 33 

Messier 33 
Messier 61 
meteonic 
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Spiral Nebula M. 33 
Spiral Nebula M 51 


Spiral Nebula N. G. C. 


spot-pair 

spot whirl 
spot-zone 
Square of Pegasus 
star-cloud 
star-cluster 
stargazer 

star group 
starimage 
star-light 
starlike 
starry 

“star shower”’ 
star-world 
stelae 

stellar image 
stellar system 
stellar time 
streamers 
sunbeams 
sunburn 
sundial 
sundown 
sungun 

sunlit 

sunrise 

sunset 
sunshine 
sunspot numbers 
super-telescope 
superuniverse 
Swan 

Syrtis Major 
telescopic 
temporary-star 
terrestrial 
terrestrially 
Orionis 

tidal 

tidal wave 
timekeeping 
time system 
time-telling 
transit 

Trifid nebulae 
Twins 
Umbriel 
universal 
Ursa Major 
Ursa Minor 
vernal equinox 
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Terms Frequency Terms Frequency 
meteorite 7 Virgin 1 
meteorologist l Virgo 4 
meteor-shower 4 vortex 3 
morning star 2 Water Bearer l 
nebular l western sky 2 
Nebulium 2 Whale l 
nebulosity 7 worldly 1 
nebulous 2 X Cygni 3 
Neujmin’s Comet 2 | zenith l 
non-galactic 4 1910 A 1 





The major aspects developed in the magazine articles, with 
the number of articles that dealt primarily with each, are listed 
in Table IV. It will be noticed that articles on the stars and the 
sun appeared the most frequently while articles on such aspects 
of astronomy as meridians, Milky Way, Nebulae, Observatories, 
and Star Spectra were found to appear but once in the one 
hundred articles studied. 








TaB.e IV. 
Major Aspects Developed in the Magazine Articles. 
Aspects Frequency of Appearance 
Biographic 3 
Comets 5 
Constellations 3 
Earth 7 
Eclipse 6 
Historical 4 
Meridians 1 
Meteors 4 
Milky Way 1 
Nebulae 1 
Observatory 1 
Planets 8 
Satellites 5 
Spectra 1 
Stars 16 
Sun 14 
Telescopes - 
Time and Rotation 8 
Universe 4 
Total 100 








An interesting comparison may be made between the major 
ideas developed in the magazine articles and the child interest 
in matters pertaining to astronomy. By assimilating the studies 
of Curtis' and Pollock?, it is found that out of 6,830 questions 
on science asked by children of the Junior High School 1,854 


7 iF. D. Curtis: Some Values Derived from - Some Reading of General Science. Teachers 


College, Contributions to Education. No. 163. 
2C. A. Pollock: Children’s Interests as a Basis of What to Teach in General Science. Edu- 


— Research Bulletin, Bureau of Educational Research, Ohio State University. Vol. 3: 
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(over 27 per cent) pertained to astronomy. The nine most fre- 
quent aspects of astronomy asked about by children are listed 
in Table V in order of their frequency of occurrence, together 
with the nine most frequent aspects found in the magazine 
reading. 

Such a comparison reveals the fact that the topic of stars is 
the aspect of astronomy that is of prime interest to children, and 
their desire for such information is satisfied to as great an extent 
as any desire tor astronomical information is satisfied, in maga- 
zines. Favorable comparisons may be made also on such as- 
pects as sun, planets, satellites, Earth, and rotation, however, 
no magazine article dealt primarily with gravity or Northern 
Lights, and it was found that children are interested in these 
topics.* On the other hand, telescopes are discussed at length 
in magazines and not one out of the large number of questions 
asked by the children pertained to that aspect of astronomy. It 
looks as though comets and eclipses were, also, over- 
emphasized in the magazine contents. 

No stimulation is necessary to interest children in astronomy, 
for the interest is already there; but much can be done, in current 
magazines, to satisfy that interest in the subject. Although 
some correlation exists between the aspects of astronomy desired 
by children and those that do appear in magazines, much more 
could be done in that direction. If it is not deemed advisable 
to supply as high a per cent of articles on astronomy as the per 
cent of questions on astronomy asked by children, at least those 
that are presented should be concerned with the aspects most 


desired. 








TaBue V. 
The most frequent magazine aspects compared with child interest. 
Magazine Aspects Frequency Child Interest Frequency 
Stars 16 Stars 447 
Sun 14 Planets 391 
Planets 8 Statellites 211 
Time and rotation s Sun 167 
Telescopes 8 Gravity 164 
Earth 7 Earth 161 
Eclipse 6 Rotation 46 
Satellites 5 Sky 37 
Comets 5 Northern Lights 32 














*%Scuoo.t Scrence aND Matuematics, December, 1926, pp. 952-956 
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CREATING INTERESTS IN THE COMMERCIAL GEOGRAPHY 
CLASS.* 


By Ona GIFFIN, 


Decatur High School, Decatur, Ill. 

There is certainly no excuse for a dull course in commercial 
geography. No teacher has more at her command in ways and 
means for creating interest than the commercial geography 
teacher. 

Local geography is always an important phase of our course. 
No course is complete without it, and it is taught most effec- 
tively through observation trips. The community should be 
our laboratory. The trips should never be allowed to become 
mere holidays. Every class should have a definite aim in mind 
when entering an industrial plant, and each trip should be fol- 
lowed up by a discussion at the next class period. Desire to 
save time should not tempt the instructor to substitute written 
reports of the trip for the class discussion. Written reports are 
always irksome, and they never accomplish what oral discussions 
do. After a year or two this phase of the work is often neglected 
by the teacher, because he finds himself busy and has grown 
weary of the same trips. It is not always necessary for the in- 
structor to accompany every class on every trip. A class may be 
placed under a captain who has been given definite directions, 
and the excursion made with very satisfactory results without 
the teacher. 

The following is a typical list of questions which might well be 
given to a class sent on an observation trip. 

1. What products are produced by the plant? 

2. What raw materials are used? 

3. Where are they obtained? 

4. Where are the principal markets for the products of the 
plant? 

5. Has the plant any foreign markets? If so, where? 

6. Account as best you can for the location of this industry in 
your community. 

Many of the industries not in the reach of the class excursion, 
may be brought to the pupils by means of pictures. Naturally 
students who have studied at first hand through observation 
trips will be able to gain the most through the study of such pic- 





*Read at the Geography Section of the annual meeting of the Central Association of Science 
and Mathematics Teachers at Detroit, Nov. 26, 1927 
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tures. There are so many excellent picture machines to be had 
at fairly moderate prices that no geography class room is com- 
plete without at least one. There are machines for showing 
slides, post cards and pictures of all kinds. The one that creates 
the most interest is, perhaps, that which shows the moving pic- 
ture. Here again the commercial geography teachers are most 
fortunate. If the history or English teachers wish to obtain 
films for their work, they must pay fifteen or twenty dollars for a 
suitable film, while the commercial geography teachers can secure 
all the films they can possibly use for the cost of transportation. 
The General Electric Company, which has distributing stations 
in Chicago and New York, has a number of films, suitable for 
our work, which they send out for the transportation costs one 
way. The Y. M. C. A., which also has distributing offices in 
both Chicago and New York, has a very interesting list of films 
which are sent out for transportation costs both ways. 

While it is true that these pictures are put out by firms for ad- 
vertising purposes, they tell so well in pictures, the stories told in 
words by the authors of our text books, that one does not realize 
that these films have not been prepared especially for our work. 

However most of the free films are pictures of domestic indus- 
tries. A very few may be obtained of foreign ones. We may 
make this up to the pupils by inviting people who have traveled 
in foreign lands to speak in our classes. It is quite common to 
find a number of the faculty who can speak effectively on their 
trips in foreign countries. Great care should always be taken 
that these lectures be of such nature that they make for a better 
understanding, and hence for a better feeling between the pupils 
and the people of the foreign land discussed. No geography 
teacher should ever neglect to do his bit toward spreading the 
doctrine of the brotherhood of man, and hence promoting the 
ideal of world peace. 

Many of us complain that our libraries contain little or nothing 
for our work. Any teacher who is willing to spend a little time 
and a few cents for postage can build up a library of free mater- 
ial which will add greatly to the interest of the course. Just as 
our great industrial firms are willing to furnish us with films, 
so they are willing and anxious to send us any amount of free 
material. This material need not all be concerning domestic 
affairs. Merely for the asking, the government of Canada will 
send delightful books on that country, as will also the Manchur- 
ian Railroad if addressed at Port Arthur. 
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Every effort should be made to impress on the minds of our 
pupils that commercial geography is not ancient history. It is 
what is going on in the world to-day. This can easily be accom- 
plished by requiring the pupils to prepare a note book of clippings 
from the daily papers and magazines. It is surprising what a 
vast amount of information can be gained in this manner. If 
the pupils are required to read the clippings carefully, and under- 
line the important sentences or phrases, it furnishes an easy and 
honest check on the pupil's outside reading. Perhaps no work 
done in the course carries over so well as this. For a year or so 
after your pupils have completed the commercial geography 
course, they will be dropping in to see you and asking if you have 
read this or that article. Many times they will bring or send 
some article or picture that they fear you have missed, but know 
you would be greatly interested in. 

Much has been said about the problem method of teaching. 
An interesting approach for the study of any country is to have 
the pupils figure out the number of people to the square mile in 
the country, and with an inventory of the natural resources, 
show how the people of that nation have solved the problem of 
living. In other words, each country’s problem is to provide for 
a certain number of people per square mile. 


Geography dull—can it be? 


USE YOUR JOURNAL. 


With this issue ScHoot ScieENcE AND MATHEMATICS appears with a 
new cover design which improves its appearance and tells you at a glance 
a few of the articles it contains. We hope you will approve the change. 

The editors welcome your suggestions and solicit your contributions 
Send us a digest of your investigation, a description of a method of pre- 
sentation you use effectively, a teaching device you have found valuable, 
or a news item of general interest. 

We invite you to make use of our Problem Department to obtain a 
better solution for a difficult problem or to publish an interesting solution 
you have made. The problems for high school students will stimulate 
extra work in your classes. Have your pupils send in their solutions 
The Science Questions Department is open for all questions relating to 
the facts of science or how to teach science. Send your teaching problem 
to Mr. Jones; he will find the answer or get you expert advice. 

The February number will complete Professor Nelson's article on the 
History of the Biological Sciences in the Secondary Schools of the United 
States and Mr. Lygda’s article on The Systematic Solution of Arithmetic 
Problems. It will also contain The Romance of Logarithms, Atom 
Structure and Electric Eyes, The Teaching of General Science, and Some 
Aims in Teaching Elementary Chemistry. 
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OUTSIDE READING IN SCIENCE IN SECONDARY SCHOOLS. 


By L. E. Hitpesranp, 
New Trier Township High School, Winnetka, Ill. 


The textbook, especially to the poor student, is the universal 
symbol of a task imposed much as medicine is prescribed by 
physicians and hence everything contained therein is labelled 
with the never-ending “have to’’ while in outside reading one 
can give much freedom of choice according to the inclination of 
the student’s mind nor will the future interest of the student be 
maintained by contact with textbooks but through the reading 
of current publications and books of popular interest of the times. 
It is therefore a crime not to train the young people in wide awake 
and broad reading. We may think we are doing our full duty 
if we try to hammer the facts of the class text into their minds, 
but not so, because that leaves them helpless in the library as 
you will see when you ask them to find certain materials there. 
Direct them to the index of a volume and they will search the 
contents—strange how long it takes many of them to learn that 
distinction. They must become acquainted with books and 
magazines and even the daily papers, in other words learn how 
to find what is worthwhile and to the point, of whatever they 
are trying to do, before they can be considered as having any- 
thing like a proper foundation for an education. 

Further, considering the wide scope of science, the fact that 
one cannot escape from it any more than the Psalmist could get 
away from God as he says, ‘‘Whither shall I go from thy spirit? 
or whither shall I flee from thy presence? If I ascend into Heaven 
thou art there: if I make my bed in Hell, behold thou art there. 
If I take the wings of the morning and dwell in the uttermost 
parts of the Sea,” etc. Scientific phenomena are around, above, 
beneath and even within us; it is therefore almost impossible 
to fail to find something to interest every one who comes under 
our instruction. 

If a student seems totally without interest and completely 
benighted and entirely incapable of learning anything in the 
textbook, don’t give him up, sound him out and find where his 
mind may find contact with his life’s interests or experiences and 
then assign him at first light tasks of reading and let him report 
before the class, and be sure to bestow praise in some form or 
other for the work he has done. Repeat this sort of experiment 
often enough and you will find a transformed student in nine 
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cases out of ten so that he will find the material himself to read 
and will insist on reporting to the Class, and what is more he will 
become interested even in the textbook and that is an achieve- 
ment on the part of a teacher. The next thing you will probably 
hear about the boy or girl from others is that he or she is singing 
your praises as a teacher and that is worth something too. 
Through all this trend of events it must not be forgotten that 
definite credit must be entered on the class record book for the 
reading and reporting before the class and more credit if it is 
also nicely written up. 

The great idea in all this teaching is that there must be a 
desire to learn and that is acquired by an interest in the subject 
but work begets interest and reward stimulates work. 

Another good plan in this line is to let some member of the 
class who becomes so interested in some subject or topic as to 
show strong signs of inspiration talk to all the classes thus ex- 
posing them to all his “‘evangelism.’’ Such a procedure always 
bears fruit. Inspiration is contagious especially when it comes 
from one of their own number. I have witnessed some of the 
most remarkable cases of ‘“‘evangelistic awakenings” in my own 
classes. I recall one case especially of a boy who knew more 
about the habits of honey bees than any boy of his age I ever 
knew and much of it he learned by actual experience with bees. 
I let him give a regular series of talks to all our Biology Classes 
and the very striking thing was the complete command of atten- 
tion on the part of his listeners who acquired a very extraordinary 
interest in bees and that was a thing worth while. 

The case of another boy deserves mention for two reasons. 
First his very low standing as a student in the high school and 
second because of his remarkable ability to talk before his class 
just as soon as he found something in Biology to interest him. 
He entered my course and when he showed no signs of interest 
and seemed little struck with the idea of studying such lowly 
looking things as grasshoppers and beetles, I took time to find 
out his likes among living organisms and discovered he was 
interested in dogs and horses. I gave him a reference and told 
him to report to the class on the main points of his reading, 
which he did with remarkable success. From this time on his 
progress was phenomenal. From horses and dogs he went to 
foxes, wolves, woodchucks, bats, etc., and next he began to read 
entire books beginning with Hornaday’s “Vanishing Wild Life,”’ 
and then ‘‘Wild Animals I Have Known.”’ On all these he 

















OUTSIDE READING IN SCIENCE 63 


reported before his class and did it with ever-increasing ability. 
This was grand of course, but his mind had grown so fast during 
the school year that he now “fell upon” ‘‘Men of the Stone 
Age,”’ by Osborne and here he broke all his former records; he 
had found his inspiration so that he could hold his own fellow 
students to keen attention. He gave it all “‘straight from the .- 
shoulder”’ and minced no words to soften the meaning and in 
some sections of the United States there might have been a 
change of teachers in the Biology Department before the end 
of the Semester. 

To the credit of the Community, however, only one complaint 
came to my notice and that came from the father of the boy. 
The young man had undertaken to educate the parent and had 
given him more than he could digest and the first result was 
resentment and he sent word to the Principal that too much 
evolution was being taught for the good of the children. I took 
the matter up with the boy and told him not to be too persistent 
with his father, and eventually the boy won out. The father is 
now an ardent adherent to the geological conception of time vs. 
the traditional six-day idea and he never loses an opportunity 
to tell me that his son got more out of that one study than out of 
all the rest of his high school course. “It was the making of the 
boy.”’ 

Draw your own conclusion what the result would have been 
had the textbook method been strictly applied in this case. The 
fact is he became also a textbook Student because he soon learned 
to see Biology in a new light and the result was the transforma- 
tion of the life of a Young man. 

In conclusion, let me say such a thing is easier to talk about 
than to carry out but it is so highly worthwhile that science 
teachers cannot afford to neglect this sort of training for the 
weaker students especially. 


BRITISH BIRTH RATE FALLS. 


England is still suffering from a dearth of babies. 

The actual number of births in England and Wales last year was as 
small as in the year 1860 when the population was only half its present 
magnitude, according to statistics just issued by the Registrar-General 
for the year 1926. The rate of 17.8 births per thousand is the lowest 
reached so far except during the years of the war. 

This reduction in births is compensated only to a small extent by the 
low general death rate of 11.7 per thousand and the low infant mortality 
rate of 70 per thousand.—Science News-Letter. 
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ADVANTAGES OF CO-OPERATIVE MATHEMATICS. 
By FLEetTcHEeR DURELL, 
Belleplain, N. J. 


In a preceding article an attempt was made to describe in some 
detail what was termed co-operative mathematics. Inthe course 
of this description, certain advantages in this method of teaching 
elementary mathematics were mentioned incidentally. We shall 
now try to make a more systematic and complete statement of 
these advantages. 

Let us first consider the advantages as compared with the 
traditional method of teaching each branch as far as possible 
as an independent and unrelated subject. As thus contrasted 
the advantages in co-operative mathematics stated briefly are 
as follows: 

1. Economy of Effort. As has been pointed out, the co-operative 
method of treatment makes easier the mastery of certain diffi- 
cult principles or topics in mathematics. This gives the farther 
advantage of arousing and sustaining interest and preventing 
discouragement. 

2. Reviews. Co-operative mathematics is characterized by 
its many varied and interesting reviews, many of these being 
cumulative in form. A review that is a mere repetition is apt 
to deaden the interest of the pupil, while a review which shows 
a new use or a new point of view increases interest and stimu- 
lates progress. 

3. Many-sided Grasp. Co-operative mathematics gives a 
more varied, many-sided, and well-seasoned grasp of the subject. 

4. Checks. Treatment of a mathematical problem in its 
different aspects, provides a manifold check on the accuracy 
of the result. 

5. Variety. When thus taught, mathematics is more varied 
and full of surprises and less apt to become monotonous. 

Let us now consider the advantages in the methods here 
advocated as compared with general or fused mathematics. 

1. Each branch of mathematics preserves its individual organi- 
zation, and each branch is free to make an untrammelled develop- 
ment both in itself and in the mind of the pupil. The outside 
aids that are introduced in a branch are used in such a way as 
to help, not hinder, the individual development of each subject. 

2. The study of co-operative mathematics gives the pupil a 
valuable training in system and organization. If there is system 
and order in fused mathematics, it is so obscure as to be lost to 

















CO-OPERATIVE MATHEMATICS 65 


the pupil. At least we may say that formal organization in 
co-operative mathematics is so much more evident that the 
pupil will far more readily appreciate the meaning and value 
of such organization. 

Such training is especially valuable, now that most other 
branches in school curriculums are being desystematized and 
made into assemblages of obscurely related details and this 
at a time when the world needs to use principles of system and 
order in more ways than ever before. 

3. Unity. Co-operative unity is the highest kind, viz: unity 
of function, or use. Such unity is also cumulative and progres- 
sive. It calls for the highest pitch of individual development 
in order to be more helpful and thus create a still higher unity. 

4. Joy of Conquest. To worth-while students it gives a dis- 
tinct thrill to enter upon a new branch or field of study. For 
such pupils it is an advantage to feel that on a certain date they 
have completed a study of one field of knowledge and are enter- 
ing upon the conquest of another field. Co-operative mathe- 
matics preserves this advantage. 

5. Diagnostic Value. As compared with general mathematics, 
in co-operative mathematics the teacher finds it much easier to 
locate a specific weakness in a pupil and apply a remedy. Of 
pupils coming to him from other schools where mathematics 
was presented in the general or fused form, the writer has not 
infrequently found a pupil who seemed to understand, for 
instance, the algebraic part of what he has been over, but who 
knew little or nothing about geometry. When questioned as 
to the reason for this, the pupil has replied, that he had liked 
the algebra and studied it, but that he had studied only enough of 
the geometry to bring his average up to the passing point. Such 
one-sided training would not be possible where each branch is 
studied in the main independently and continuously. 

We now carry our presentation one step further by considering 
certain advantages in the new method as compared with both 
old-line and general mathematics. 

1. The cumulative method of mastery is found in a higher form 
in the procedure here advocated than in either of the other two 
methods under consideration. In co-operative mathematics, 
the pupil learns one thing at a time, and as soon as he has learned 
two things, he is taught to use them together, and so on for 
three‘and more items. This applies not merely to the details of 
a subject but to subjects and branches as wholes. 








66 SCHOOL SCIENCE AND MATHEMATICS 


2 Cultivation of the Mathematical senses. It has been well 
said that so far as mastering the small amount of technical 
arithmetic which the ordinary pupil will need to use in after 
life is concerned, he could learn this by studying arithmetic for 
two or three periods a week in the grades, or in half the time 
ordinarily allotted. Why then study the subject five times a 
week for seven years or more? 

The object is to develop or even create a number sense in the 
pupil. The number sense enables us to quickly realize or esti- 
mate magnitudes, to form a scale of values, and to give a per- 
spective to a situation, or even to life itself. After acquiring 
it we use it many times every day and often unconsciously. In 
many ways it is much more valuable than our direct use of the 
technical processes of arithmetic. 

Similarly the study of algebra should develop in us in a funda- 
mental way the power and sense of symbolism. So geometry 
should develop a spatial sense and the logical power of demon- 
stration. 

These three mathematical senses cannot well be acquired in 
mixed combination. The rule that applies here is to divide and 
conquer. The most economical way, and for certain minds the 
only way, of acquiring or developing any one of these senses 
is by a long period of more or less continuous and concentrated 
study. For instance, to get the algebraic spirit, we must im- 
merse ourselves in symbolism till we become in a sense saturated 
with it. 

After they have been acquired individually, two or three of 
these senses can be combined and practiced together in the 
cumulative way described above, to engender a more general 
and comprehensive quantity-mindedness, which in time will 
be a part of a still more general efficiency sense. 

3. The highest type of efficiency organization is not an autoc- 
racy on the one hand, nor a loose assemblage of extremely in- 
dividualistic units on the other. It is a set of parts or units, 
each part highly developed individually but all parts working 
together fruitfully and efficiently. The two fundamental ele- 
ments of success are self-help and co-operation. The human 
body as compared with an amoeba, or jelly fish, is such a set 
of organs and parts. The best type of business corporation, 
as the General Motors, the United Steel Corporation, or the 
American Telegraph and Telephone Company is composed of 
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a set of departments, each managed by a head having large 
powers of independent initiative and expected to organize and 
develop his department or branch of the business to a high 
degree in his own way, yet all able to co-operate smoothly and 
effectively toward common ends. The fundamental reason for 
the almost miraculous progress of our country is that it is or- 
ganized in this way in its government and in several other im- 
portant respects. 

Hence, when studying co-operative mathematics, the pupil is 
studying and becoming familiar with the highest type of effi- 
ciency organization. This method of doing things is being 
ingrained in the very texture of the young mind, and the pupil 
is acquiring something which will be of fundamental value to 
him in every enterprise which he will later be called on to manage, 
and in every relation of life. 

In the recently published Second Year Book of the National 
Council of Teachers of Mathematics, Mr. Ralph Beatley in 
discussing the problem of general or fused mathematics (pp. 152, 
153) takes essentially the view advocated in these articles. 
He speaks of those who would preserve the “‘lines of demarca- 
tion” between different branches of mathematics as the “land- 
markers’”’ and has this to say: ‘‘For the landmarkers have learned 
from the fusionists that a realignment of boundaries is not so 
fearsome an undertaking as they had at first imagined. And the 
fusionists despite their own protestations, have, in fact at least, 
preserved a number of boundaries or thought-tight compart- 
ments out of deference to the learning processes of their pupils. 
. . . It is clear that the landmarkers profiting by the experience 
of the fusionists would seem for the moment to have a little 
more of the truth.” 

In the same year book (p. 248) Mr. Eugene R. Smith makes a 
similar statement: “I regard elementary algebra on the one 
hand, and plane and solid geometry on the other, as quite definite- 
ly different fields, although they have many opportunities to 
reinforce each other and to attack the same problem from 
different angles. . . . There is a real advantage in the mastery 
of each as a separate subject, provided there is no neglect of 
comparisons and of opportunities for anticipating the possi- 
bilities of eventually welding them into a single even more 
powerful mathematical tool.” 

Both of these views are in entire accord with what has been 
termed and described as co-operative mathematics. The two 








68 SCHOOL SCIENCE AND MATHEMATICS 


statements quoted illustrate the present tendency to avoid 
extremes and to use the golden mean. The object in the present 
articles has been to aid in giving definite form to this movement 
and in organizing it effectively. 


THE STATUS OF CHEMICAL EDUCATION IN THE HIGH 
SCHOOLS OF THE STATE OF WASHINGTON.* 


By Tuomas G. THOMPSON, 
Associate Professor of Chemistry, University of Washington, 
Seattle, 
AND 
F. A. Rantz, 
Instructor in Chemistry, Roosevelt High School, Seattle. 


INTRODUCTION. 

This investigation was begun at the suggestion of the Senate of 
Chemical Education of the American Chemical Society. The 
purposes of this study were: (1) To obtain a point of departure 
for a scientific effort to improve the standards of chemical edu- 
cation in the high schools of the State of Washington. (2) To 
ascertain the relationship of the preparation of the chemistry 
teachers with the minimum requirements of the School of Educa- 
tion of the University of Washington for academic majors and 
minors in chemistry, mathematics and physics. (3) To deter- 
mine the relationship between the size of the school and (a) the 
cost of facilities for chemical instruction and (b) the preparation 
of the chemistry teacher. 


Meruop USED IN THE COLLECTION OF Data. 

The method used in the collection of the data reported in this 
paper was the questionnaire method. The following question- 
naire, recommended by the Senate of Chemical Education, was 
sent to all public and private secondary schools in Washington 
which are accredited by the University of Washington. 


1. Name of School 

2. Total Enrollment 

3. Yearly Average Number of Students taking Chemistry 

4. Value of Equipment 

5. Allowance for Chemicals 

6. Allowance for books, journals, etc. 

7. Is the American Chemical Society Outline used? 

8. Teacher’s preparation in: (a) Mathematics; (b) Physics; 


(c) Chemistry. 


*Read before the National Education Association in Seattle, July, 1927 
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CLASSIFICATION OF SCHOOLS. 


In Table I is given a summary of total enrollments in the 
accredited public high schools. This table attempts to classify 
the schools into four different types or groups, the classification 
of the schools including chemistry in their curricula being based 
upon the total enrollments of the schools. Type A include the 
schools in which chemistry is not offered. Nearly 80 per cent of 
the schools of this type have an enrollment of less than 100 
students. Schools of Type B teach chemistry but have a total 
enrollment of less than 100. From this data it will be observed 
that over 40 per cent of the small high schools include chemistry 
in their curricula. The subject when taught in these small 
schools, invariably alternates every other year with physics. 
Schools of Type C are those having an enrollment between 
100 and 500 students. This is the largest group, constituting 
slightly more than 50 per cent of the schools teaching chemistry. 
Type D is composed of the schools located in the larger cities 
and have an enrollment of more than 500 students. 


TaBLeE TI. 


Summary of Total Enrollments in the Accredited Public High Schools of the 
State of Washington. 


Number of accredited schools sent questionnaires.. 254 
Number of schools replying... 203 
Per cent 80% 
A Schools not teaching Chemistry... 63 
Per cent._.._. 31.0% 
Enrollment not given..... 10 
Enrollment of 32-100... 40 
Enrollment of 100-200... ll 
Enrollment of 200-300._. 1 
Enrollment of 300-400... eee 1 
B_ Schools teaching Chemistry with a total enrollment less than 100.. 
Per cent.............. ; = 
Cc Snow teaching Chemistry with a total enrollment between 100 and 500. 
"er cent : “es ; iia 
D Schools teaching Chemistry with a total enrollment between 500 and 2570_3 
Per cent 
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DIscuUSSION OF Data. 
In Tables II and III are given summaries of the data secured 


from the accredited public and private high schools, respectively 
in Washington. 


Value of Chemical Equipment and Yearly Allowance for Chemi- 
cals and Science Books. 

The value of the chemical equipment and the yearly average 
allowance for chemicals expressed either as (a) cost per student 
enrolled or (b) cost per student taking chemistry, is the greatest 
for schools of Type C and the smallest for those of Type D. 
The fact that most of the schools of Type B offer chemistry every 
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other year, while many of the smaller schools in Type C offer the 
subject yearly, probably accounts for the increased cost for 
schools of the latter class. 

In the case of the private schools the values given are consid- 
erably greater than for the public schools, excepting for those of 
Type C where the cost of chemicals and books, based on the total 
enrollment, is much lower. It thus appears that the cost of 
equipment for the teaching of chemistry in the private schools, 
is considerably more expensive than in the public schools. 


Uniformity of Subject Matter. 

A rather interesting fact obtained from the questionnaire is 
the apparent lack of uniformity in the amount and order of the 
material presented in the average high school course in chemistry. 
However this fact at first deduced from the replies to the ques- 
tion concerning the use of the outline recommended by the 
Committee on Chemical Education of the American Chemical 
Society! is more apparent than real. It was found that a num- 
ber of teachers were not familiar with the outline, but in reality 
were following a course very much the same as that recommended. 
Thus it was concluded that a large number who answered in the 
negative should have replied in the affirmative and that the 
uniformity of subject matter presented is not as varied as one 
would first surmise from a study of the data. 


TasBie II. 


Summary of Data Gathered from the Accredited Public High Schools of the 
State of Washington. 


Yearly 
Num- Average Value Allowances Number 
ber Total Taking of —_——_—__——-—— Using Teacher's Training* 

Type of of Enroll- Chemis- Equip- Chemi- Books A.C.S. —--- ~~ ~—~—-- -—— 
School Schools ment try ment cals Outline Math Physics Chem 

A.. 63 4,337 
Average... , 82 

B 44 2,942 472 $15,310 $ 2,560 $ 380 15 554 417 1102 

b**__ : 44 42 34 22 34 39 39 39 
Average... 70 11 365 75 17 14.2 10.7 28.3 

: 72 15,923 1,866 $ 71,526 $ 8,386 $1,165 34 1174 938 2193 

, 72 72 70 40 40 66 72 72 72 
I citcints: ee 221 26 1,022 210 29 16.3 13.0 304 

24 30,890 3,363 68,400 6,250 340 17 726 605 1270 

a 24 24 22 21 13 22 30*** 30*** 30** 
Average........ « 1,286 140 3,109 298 26 24.2 20.1 42.3 
Grand Total ..203 54,092 5,701 $155,236 $17,196 $1,885 66 2454 1960 4565 
Index No... , 203 140 134 95 75 122 4 141 141 
Grand Average 266 41 $ 1,158 $ 181 $ 25 17.4 13.9 32.4 


*Quarter hours. 
**Number of schools replying to questionnaire 
***N umber of teachers. 


1Correlation of High School and College Chemistry. J. Chem. Ed. 1, 87-99 (1924) 
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Taste III. 


Summary of Data Gathered from the Accredited Private High Schools of the 
State of Washington. 





Number of Questionnaires sent 21 
Replies — : were ’ 13 
Per cent replies.._............. lead ; iS samen im ve ane 2% 
Yearly 
Average Allowances Number 
Num- Total Taking Value of ———————— Using Teacher's Training* 
Type of ber Enroll- Chemis- Equip- Chemi- Books A.C.8. 
School Schools ment try ment cals Outline Math. Physics Chem 
A 4 poe: ’ — 
B.. 3 177 43 $2,900 $ 305 $75 0 33 41 92 
b**__.. 3 3 3 3 2 3 3 3 3 
Average... 59 14 967 102 37 11 13 31 
a 6 1,389 118 16,509 1,005 85 4 133 130 180 
Sail 6 6 6 6 4 5 6 6 6 
Average. 232 20 2,751 167 21 22 21 30 
0 
Grand Total 9 1,566 161 19,409 1,310 160 4 166 171 272 
Index No....... i) 9 9 of) ie) 8 4 9 i) 
Grand Aver 174 18 2,157 145 18 18 19 30 


The Training of the Teachers of Chemistry. 

Probably the most useful information collected by this study 
is that dealing with the training of the teachers of chemistry. 

In Table IV are given the minimum requirements for an aca- 
demic major and minor in chemistry in the school of Education 
of the University of Washington. This will serve as a standard 
of comparison for the discussion below. Requirements of 35 and 
20 quarter hours, respectively, are required for academic majors 
and minors in mathematics and physics. 

Table V gives a summary of the data obtained concerning the 
training of the teachers of chemistry in the different types of 
schools. The teachers in the schools of the smallest group, Type 
B, show an average training in chemistry slightly above the 
minimum requirement for an academic minor. The fact that 
this is an average, indicates that about half of this group have 
less than the minimum requirements for an academic minor. 
In other words, many of these teachers of chemistry majored 
or minored in subjects other than chemistry, a perfectly natural 
situation in schools of this size under present day conditions in 
the school systems. It is of interest to note that the preparation 
of the teachers of chemistry in the schools of Type B range from 
10 to 70 quarter hours of chemistry. The distribution of majors 
and minors of these teachers are shown in the first two columns 
of Table VI. 


*Quarter hours. 
**Number of schools replying to questionnaire 
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Taste IV. 


The Minimum Requirements for Academic Majors and Minors in Chemis- 
try, School of Education, University of Washington. 


Academic Academic 
Major Minor 
Care Hours Quarter Hours 

General Chemistry... ‘ 15 15 
Organic Chemistry... 10 site 

Advanced Qualitative Analysis 5 5* 
Quantitative Analysis... 5 5 
Sandie nitisincchaineiidhsissidhoetiadleasin 35 25 


The schools of Type C representing the largest of the three 
groups, have teachers whose average training in chemistry is 
better than the minimum requirements for an academic minor. 
Furthermore, the average preparation of these teachers is notice- 
ably better in mathematics and physics than those instructing 
in schools of Type B. The distribution of majors and minors 
of the teachers in the schools of Type C are shown in the third 
and fourth columns of Table VI. 

The schools of Type D with a total of thirty teachers in the 
twenty-four schools, show a preparation of the chemistry teach- 
ers far superior to those of the other types. The general average 
shows a training much better than the equivalent of an academic 
major in chemistry, better than the minimum requirements for a 
minor in mathematics and the equivalent of a minor in physics. 
This superior scholarship is undoubtedly due to the fact that 


TaBLe V. 
Summary of the Data Showing the Training of the Teachers of Chemisiry 
in the State of Washington. 


Type of School 
B Cc D Total 











No. Pct. No. Pct. No. Pet. No. Pct 
Number of Teachers... : ow 2 2 2. & Bh ee 


Training of teachers in college chemistry 
(a) No training... Relate aes 0 0 0 0 0 0 0 0 
(b) 10 quarter hours or less " 3 - 5 7 1 4 9 7 
(c) Between 10 and 20 quarter hours____. . 13 33 24 33 4 14 41 29 
(d) Between 20 and 30 quarter hours. non an! 6].lU«CUmS 9 31 38 #27 
(e) Between 30 and 40 quarter hours... 2 5 9 13 2 7 13 9 
(f) More than 40 quarter hours... 8 21 18 2 13 44 39 28 
Training of teachers in college mathematics 
ff CO See . 8 21 i) 13 0 0 17 2 
(b) 5 quarter hours or less art 3; 8 BM BB 
(c) Between 5 and 10 quarter hours.___... . © &B 9 13 2 20 14 
(d) Between 10 and 20 quarter hours... ve 2B a 10 35 38 27 
(e) More than 20 quarter hours... 11 4 «328 )4«©2206« 680 lo 14 048047 OK 
Training of teachers in college phyeie 3 
a) No training. ’ 7 18 5 7 2 7 14 10 
) 5 quarter hours or less 2 4 10 6 8 0 0 10 7 
(c) Between 5 and 10 quarter hours... 16 41 25 35 4 14 45 32 
(d) Between 10 and 20 quarter hours... 10 26 29 40 14 48 53 38 
: 2 5 7 10 9 31 18 13 


(e) More than 20 quarter hours...._.. 


*Ten quarter hours of Organic Chemistry or ten quarter hours of Analytical Chemistry 
may be se 
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these teachers are primarily interested in chemistry and devote 
practically all of their time to the teaching of the chemistry. 
An additional teaching load is invariably in only one other sub- 
ject, generally physics or mathematics. The distribution of the 
majors and minors of the teachers in the schools of Type Dare 
shown in the fifth and sixth columns of Table VI. 


Taste VI. 


The Distribution of Academic Majors and Minors among the Teachers in 
The Different Types of Schools. 





Type of School. 
Cc D 

No. Pct. No. Pet. No. Pet. 

Chemistry Majors.................. sinutithtteapsemiengl: i: Se: <a) ees Le 

Chemistry Minors...... bol ae tisieniciedaidiaals | =a ESS 6 20 

Mathematiec Majors... : oe oS _4 10 7 10 6 17 

Mathematic Minors... . BE GS See 8 21 18 25 12 4 

ELE ST OA ARE LORE ST aati a 2 3 4 18 

Physics Minors. sant RMR A KY 4 10 10 4 9 28 
Major and Minor in two or all of the eam ¢ com., Math., 

SR winabin “10 26 18 25 18 60 

Major or Minor in ~~ other than above... So ae 6 20 

Number of Teachers... OR aes iossneaiies RC Bee ee 


The teachers in the private schools of Type B show a training 
in chemistry and physics that is slightly more extensive than 
those of the public schools, while those in schools of Type C 
have a far better preparation in mathematics and physics than 
do those in the public schools and about an equal training in 
chemistry. However, due to the relatively small number of 
private schools replying to the questionnaire, no great stress 
should be placed upon the statements. 

SUMMARY. 
The high schools of Washington have been classified upon 
a basis of their enrollment. 

2. The value of chemical equipment and allowances for chem- 
icals and science books and periodicals, calculated as cost per 
student, is an inverse ratio of the size of the school. 

3. The preparation of the chemistry teachers in chemistry, 
physics and mathematics is a direct ratio of the size of the school. 





That 90 out of every 100 freshman students who grade 60 per cent or 
better in the Thurstone intelligence test will turn out to be good students 
has been indicated in three years of experience in the University of Chi- 
cago. Only 6 per cent of the students who were marked below 20 per cent 
on the test have proved capable of making a success in college. The test 
devised by Dr. Louis Thurstone, psychologist at the university, is designed 
to measure the student’s ‘‘capacity for abstraction’’; it is a test of bright- 
ness. 
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IS THIS AN AGE OF SCIENCE? 
By Henry Fury, 
Eastern High School, Washington, D. C. 


Everywhere we hear much talk of the Age of Science and as 
we look about us we certainly are impressed with its tremendous 
achievements of the material sort. It has increased enormously 
the productivity of labor, facilitated distribution of the products 
of labor, increased material comforts and added to the pleasures 
of life in the way of movies, radio (discounting the “loud- 
speaker’’), the improved phonograph, autos, airplanes, speed 
boats and telopsis, to say nothing of the pleasures furnished old- 
fashioned folks like myself who find delight in the magazines, 
newspapers, and other forms of literature that may be pur- 
chased for a small price thanks to the efforts of science. But 
many of us who handle scientific ideas as a means of earning our 
daily bread are wondering whether this really is an ‘‘Age of 
Science.”’ 

An Age of Science might well be defined as one in which the 
spirit of science has permeated the masses. Accepting this 
definition as true, let us ask: Does the mind of the average man 
grasp the fact that science is more than merely a slave of Alad- 
din’s lamp who caters to the bodily wants of man? Certainly 
there is one phase of science that appeals very strongly to a 
limited group in our society. It is this: Those who control 
capital in industry are quick to realize the financial benefits of 
capitalizing inventions and processes that scientists have evolved, 
but has the scientist (the rank and file) as a general rule, reaped 
adequate reward for his contributions to industry’s progress? 
Of course genius in any line of human activity can dictate its 
own terms of labor and men like Edison and Steinmetz are no 
exception to the rule, though others like Burbank, equally gifted, 
had to struggle along in poverty. But science is fond of asserting 
that it does not depend upon genius but upon technic, upon the 
patience and faithfulness and routine of the rank and file. He 
who follows science as an occupation knows how dull and monot- 
onous and unsensational the life of the average scientific worker 
is. That even the captains of industry are ‘killing the goose 
(well-named) that lays the golden egg’’ and do not realize it has 
been pointed out by our wide-awake Secretary of Commerce, 
Herbert Hoover, who has been pleading for ages with tears in 
his scientific eyes for some material and financial recognition 
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in the way of an endowment for research in pure science as a 
basis for advance in applied science. 

Is it also not strange that in a so-called ‘“‘Age of Science’”’ the 
ones who have made this advance possible are among the poorest 
paid in the social strata? It is a fact often commented on that 
employees in the United States Bureau of Standards, the De- 
partment of Agriculture, and other scientific branches are among ~ 
the lowest paid workers in society yet the technical excellence, 
devotion, and achievements of these groups is unsurpassed in 
the world of science. Likewise, outside of the government 
service, the graduate of a university course in chemical engineer- 
ing may have to content himself with holding a position as a 
test-tube-and-beakerwasher in some steel plant. Not a pleasant 
outlook, forsooth! 

I have not the courage, as a teacher, to urge my pupils to 
enter into a life of science—and poverty; the prospects and re- 
muneration for scientists forbid it. If my pupils feel the urge 
to such a life and cannot resist the temptation, the best I can do 
is to give them my blessing and pray for them. 

Salaries offered in various scientific departments of industry 
are not such as are calculated to induce college students to spe- 
cialize in science. When a graduate looks around him and per- 
ceives that the bricklayer and mechanic, strongly unionized 
in the trades unions, can command double the salary that he 
can, he begins to scratch his head and wonder whether his college 
training has not been a poor investment after all. As time goes 
on, the college graduate works year in and year out in scientific 
lines, he realizes more and more bitterly that the rewards of the 
scientific age—promotions, better pay, and prestige—are going, 
not to the scientist, but to the organizer in industry and to those 
who are organized. In England a union to improve the economic 
status of scientists has been formed and numbers some of the 
leading scientists among its members. 

As for the masses of people, the larger truths, the more in- 
spiring and social significance of science is entirely lost on them. 
Even the social sciences for the most part today are largely only 
academic entities and do not figure in the considerations of 
statesmen and public administrators. If the findings of these 
newer social sciences were applied, a new civilization, of a higher 
order, would result. We have the knowledge and the scientific 
data, but it is not comprehended by those who govern in politics 
and industry nor by the masses. Battles that have been fiercely 
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fought and that we thought won, it appears must be fought all 
over again. Years ago, biologists thought evolution had won 
an unshakable position, but the frequency with which anti- 
evolution laws, blue laws and other freak legislation are intro- 
duced and seriously considered by state legislatures forces us to 
realize that biology and science must fight for its own even in a 
so-called “‘Age of Science.’’** That is nothing short of tragedy. 

Those who are against the social applications of science as con- 
trasted with the material or industrial phases are organized; the 
scientists are almost unorganized with the exception of loose and 
vague bodies that meet only occasionally and then to discuss new 
research. What we need is a thorough-going 100 percent strong 
organization so that scientists can keep track of what others 
are doing and for their own welfare. Unless the scientists organize 
thus and consolidate their resources, the powers of reaction 
and bigotry, the unscientific, the masses through legislative 
means will put curbs and checks on the search for truth. Thus 
research and the general progress of society will suffer. 

As it is, the great mass of those who use the telephone, ride in 
electric cars or autos, steamships, or airplanes, look at and listen 
to the vitaphone or radio have no conception of the social and 
cultural meaning and possibilities of the larger and more funda- 
mental implications of science and scientific methods. It is only 
here and there that some great prophet of science like Paul R. 
Heyl, Bertrand Russell, H. G. Wells, or Henrik Van Loon sees 
below the surface and evaluates science at its true and social 
worth. For the crowd, they accept the loaves and fishes, but 
fail to hear the message of science. The “race between Catas- 
trophe and Education (Science)’’ may be more nearly true today 
than many of us realize and we must shake ourselves out of the 
smug complacency that this is an Age of Science. Rather it is 
an Age of Button Pushers. 


MINUTES CONCERNING FRANK MILTON GILLEY. 

On August 7, 1927, the Eastern Association of Physics Teachers lost one 
of its charter members, Mr. Frank Milton Gilley of Chelsea, Massachu- 
setts. He had retired a year ago from active teaching after forty-five 
years of continuous service in the Chelsea High School and was planning 
to go abroad in a few weeks. His death was due to severe burns which he 
received while destroying some oily papers. 

Mr. Gilley was born in Chelsea July 8, 1859. He was graduated from 
its high school and later returned to the school first as a teacher of Greek 
and then of physics and chemistry. He was graduated from Harvard, 
cum laude, in the class of 1880, the class that was made famous by Theo- 


*See ‘The War on Modern Science” by Maynard Shipley, Alfred Knoph, N. Y., 1927. 














FRANK MILTON GILLEY 77 


dore Roosevelt. Mr. Gilley was always a brilliant student; he took 
courses in the Graduate School at Harvard and at the Massachusetts 
Institute of Technology. He also studied in England, France, and Ger- 
many. 

He was one of the pioneers in this country in the teaching of physics 
and chemistry by the laboratory method. As products of his inventive 
genius, active mind, and clever hands we now have many pieces of physi- 
cal apparatus, such as the working model of the Gramme machine, the 
index-of-refraction-of-water board, his induction coils, the refraction ~ 
plate, the low form of steam boiler with its special form of Bunsen burner, 
the composition-of-force board, and his battery stand. To appreciate his 
skill in presenting physics to beginners, one must read his textbook, 
‘Principles of Physics,’’ published in 1901 by Allyn and Bacon, or better 
still have seen him in action before a class of boys and girls. He was him- 
self an expert mechanician and a skilled glass blower. 

But Mr. Gilley had a breadth of culture and scholarship which few of 
his colleagues realized. As a teacher of Greek he had studied Sanscrit, 
and as a student of French and German he had mastered the principles of 
phonetics as taught in the famous courses at Marburg in Germany and at 
Grenoble in France. He was an extensive and intensive traveler. He had 
visited Europe probably twenty times and knew intimately the university 
towns and schools. He became so much interested in the famous instru- 
ment-makers’ school in Leiden that he was the means of bringing two 
Dutch boys from that school to the Newton High School and the Roxbury 
Latin School. These were probably the first trained instrument makers 
in American secondary schools. But his interests were yet wider. For 
example, he was a Life Member of the Massachusetts Horticultural 
Society specializing in pomology. He was also keenly interested in cur- 
rent events, was well informed not only about scientific problems, but also 
about financial questions. 

He served this association on various committees, and for one year was 
its president. In 1905 he was president of the department of science in- 
struction of the National Educational Association and made the annual 
address. 

To the casual acquaintance Mr. Gilley’s disregard of trivial conven- 
tionalities may have seemed his most striking characteristic. Some may 
also have wondered that a man with his genius did not reap more aca- 
demic rewards. But we must remember that his career was limited by 
circumstances. He was an only child, his father died before he entered 
college, and for more than twenty-five years he took care of his mother, 
who was a helpless invalid. However, he never complained of his fate. 
He was an inspiring teacher, a clever inventor, a tireless student, and al- 
ways a stimulating companion. To his friends and associates his loyalty 
and whole-hearted appreciation, his intellectual honesty and curiosity, 
his alertness and keenness of mind will be a precious memory. 

Resolved that these minutes be placed on the records of the Secretary 
of the Eastern Association of Physics Teachers, and that copies be sent 
to the Principal of the High School and to the Superintendent of Schools 
at Chelsea, Massachusetts. 

N. Henry Buack, 
Harvard University. 
Joun C. Packarp, 
High School, Brookline, Mass. 
Joun W. Hvutcuins, 
High School, Malden, Mass. 
Committee on Resolutions. 
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THE STEREOPTICON AS AN AID TO PHYSICS TEACHING. 
By Cuas. F. VALENTINE, 
Professor of Physics, Colorado State Teachers College. 

The lantern slide is an old tool of the teacher, and there are 
few physics departments which do not have some sort of a 
collection of slides. Occasionally, the blinds are lowered and 
the teacher proceeds to give an illustrated lecture. This, to my 
mind, is all wrong. We borrow the idea, probably, from having 
seen other teachers use the method or having attended an in- 
structive and helpful illustrated lecture. We just assume that 
lantern slides should be used in this way. 

There are several criticisms which can be made of the method 
followed by teachers ordinarily in using lantern slides. In many 
cases the teachers are not well acquainted with the slides at their 
disposal. The critical point in the class discussion arrives and 
either the teacher does not remember the particular slide which 
would help, or else finds that it would be too much trouble to find 
the slide and turn on the lantern. 

In my opinion, a stereopticon lecture in physics is only ad- 
visable occasionally when some special subject of interest is 
before the class and such a lecture must replace the excursion or 
use of actual apparatus. Too often a stereopticon lecture con- 
sists of too many slides shown in too short a time to have any 
lasting effect. Often the teacher has no personal interest in the 
slides, and can give only a very brief and dry description of 
what each slide is intended to illustrate. 

The writer has been trying out a different plan in the use of 
slides. Only two or three slides are selected for any class dis- 
cussion period. These slides are carefully selected as to their 
relation to the discussion or lesson plan. These slides do not 
take the place of the actual apparatus, but are supplementary to 
it. For example, suppose we are to discuss the generation of 
electrical currents and expect to make use of the dynamo analysis 
machine. This machine can be connected up to a galvanometer 
and the generation of the current illustrated as the armature 
revolves. At this point a slide showing typical readings of the 
galvanometer when used with this particular dynamo analysis 
apparatus can be used to advantage. The slide should include a 
graph of these readings, showing how the reduced currents vary 
and how an alternating current is produced. Such an arrange- 
ment enables the teacher to show a clear distinct graph of the 
working of the machine before his class. The illustration supple- 
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ments the apparatus and is clearer, better than anything the 
teacher can draw and requires less time. 

Take the example of the wheatstone bridge. A teacher can 
set up the bridge on the table, but it is not clearly visible to 
the class, especially if the class is a large one. The bridge can 
be held up before the class and then a slide of the bridge pro- 
jected upon the blackboard. This enables the teacher to point 
out all of the parts and chalk in the connections, so that it can 
be clearly demonstrated. Innumerable examples could be given 
in every field of physics. 

To make use of slides in this manner, however, brings up 
several requirements which can be easily met. 

1. The slides must be selected with particular attention as 
to their use in the lesson plan. 

2. The slides must be selected to supplement the apparatus 
and be closely connected. 

3. A stereopticon must be selected which will have a short 
focus and throw a brilliant image on a black board. 

4. Astereopticon must be used which will be satisfactory under 
ordinary lighting conditions. 

5. The stereopticon should be located on the instructor’s 
desk and be instantly available at all times by merely pressing 
a button. . 

Fortunately, at the present time all these things are possible. 
There are several small, short focus stereopticons on the mar- 
ket, reasonable in price and adapted to showing clear images on 
the ordinary blackboard without recourse to the darkening of the 
room. The writer prefers this type of machine because it does 
not require an assistant and is instantly available. The advant- 
age of using the blackboard for a screen is easily seen. The 
teacher can add to the illustration by means of chalk—can point 
out and label parts during the discussion and make whatever 
alterations he sees fit. 

Instant availability is essential. Sometimes a teacher may 
have slides ready and not use them because of some change in the 
class discussion. At other times discussion will arise for which 
the teacher has no slide selected. If the slides are carefully in- 
dexed and handy, it will require but a moment to secure them. 

Much could be said of the wealth of material in our text books, 
magazines and in the community which can be put into slide 
form. The only requirements to take advantage of these oppor- 
tunities are a long bellows camera and an improvised dark room. 
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Pictures taken for slide use should be upon process films for 
contrast. For example, recently a discussion arose in one of our 
classes in regard to the Atwater Kent radio receiver. It was a 
simple matter to secure a print of the circuit and a print of the 
receiver. These were photographed that afternoon—printed 
on a lantern slide plate and ready for use the following day. 
Often a magazine article appears of some great invention in 
science, such as the trans-Atlantic Telephone. Slides can be 
made from magazine pictures in a few minutes of time and the 
whole story presented to the class. 

What has been said of physics, I am sure is equally true in 
other fields of teaching. The question is not how many slides in 
a class hour, but how they are presented. One or two slides are 
often all that are necessary for one discussion period to aid the 
students materially in understanding what it is all about. These 
slides will be a great help to the teacher who can not draw well 
upon the blackboard and will save any teacher a great deal of 
time. 

There has been no attempt in this article to justify the method 
suggested by experimental data as to results secured. That 
better results can be secured seems obvious. The time and effort 
saving to the teacher, the clearer and better illustrations, illus- 
trations which can be kept up-to-date, and the coordinating of 
the lantern slides as aids to the actual apparatus being demon- 
strated; all these factors, to my mind, warrant careful study as 
to how lantern slides should be used. What we need is not the 
stereopticon lecture, but instruction in which all forms of visual 
materials function at their best. 


THE PARALLEL PROPOSITIONS. 
By G. O. NESER, 
Hoére Volkskool, Graaff-Reinet, South Africa. 

The following short notes on a method of teaching the Parallel 
Propositions may be of interest to teachers of Mathematics. 

Our South African texts, both Afrikaans and English, follow 
the traditional arrangement of grouping these propositions into 
three water-tight compartments, so to speak, here desginated 
A, B and C. 

A. “If a straight line, falling on two other straight lines, 
make the alternate angles equal, these two straight lines are 


parallel.” 
B. “If a str. line, falling on two other str. lines (1) make an 
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(a) Cb) (c) 
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(d) (e) (f) 
exterior angle equal to the interior opp. angle on the same 
side of the line, or (2) make the two int. angles on the same side 
together equal to two right angles, then the two str. lines are 
parallel.”’ 

C. “If a str. line fall on two parl. str. lines it makes (1) the 
alternate angles equal, (2) the ext. angle equal to the int. opp. 
angle on the same side of the line, and (3) two int. angles on the 
same side together equal to two right angles.” 

Assigning these propositions separately invariably leads to 
confusion, due to the fact that the pupil, more often than not, 
is unable to distinguish between a proof and its converse. 

Whether you find the same difficulty I of course do not know, 
though the one modern American text I have sensibly avoids the 
difficulty by assuming as a parallel Axiom No. A (above) and 
only supplies the formal proof at a much later stage. 

After the pupils have a fair degree of acquaintance with 
parallel lines, i. e. have drawn lines with alternate angles at the 
ends equal and found that the free legs of the angles do not cut 
when produced both ways, and have drawn lines apparently 
parallel and measured the various angles formed by a trans- 
versal, they are readily able to point out the equal angles in 
fairly complicated figures containing parallel lines. Prop. A 
is then proved and both B(1) and B(2) deduced from it. After 
running through the proofs two or three times, using different 
figures, the brighter pupils are able to reproduce them fairly 
accurately. 

At the next lesson the presentation is repeated and Prop. C(1) 
is added with its proof from which again the two dependents 
C(2) and C(3) are deduced. 
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On the board we then have six figures arranged as in the 
annexed illustration. 

The pupils readily follow the logical order and the first fig. (a) 
is nicknamed Ouma (Granny) with two daughters (b) and (c) 
while the third daughter (d) again gives rise to two dependents 
(e) and (f). 

As arranged the first pair (a) and (d) require additional con- 
struction lines for their proofs, the others being merely deduced 
from their respective parent propositions. Each figure has the 
given marked and has its converse immediately above or below 
it, as the case may be. 

The pupils are interested and can almost immediately give the 
enunciation of any one pointed to, are able to supply the converse 
pointing out the figure, etc. 

All the propositions are then assigned as one lesson and it is 
found that the class as a whole is able to digest what is certainly a 
fairly big mouthful, and presents much more trouble if taken 
and masticated separately. 

Whenever any one of the proofs is called for, have the other 
figures on the board as well; even if you do not go through the 
whole row, the pupils are thereby enabled to definitely fix each 
one in its relation to the others. 

The same method is also useful whenever a sequence of similar 
more or less depending propositions are being dealt with and 
will bring new light to those who have found these propositions 
a row of so many pontes asinorum. 


PROBLEM DEPARTMENT. 
ConpucTEp BY C. N. MILLs, 
Illinois State Normal University. 


This department aims to provide problems of varying degrees of difficulty 
which will interest anyone engaged in the study of mathematics. 

All readers are invited to propose problems and to solve problems here 
proposed. Drawings to illustrate the problems should be well done in India 
ink. Problems and solutions will be credited to their authors. Each solu- 
tion, or proposed problem, sent to the Editor should have the author's 
name introducing the problem or solution as on the following pages. 

The Editor of the department desires to serve its readers by making it 
interesting and helpful to them. Address suggestions and problems to C. N. 
Mills, IUinois State Normal University, Normal, IIl. 





CORRECTION. 
Page 986, December: Problem 977, Solution III should read: Sub- 
tract (1) from fourth power of (2), then divide by 2. Multiplying the 


square of (2) by 2xy, and subtracting gives 
(xy)? —72(xy) +512 =0 
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SOLUTIONS OF PROBLEMS. 
981. Proposed by Daniel Kreth, Wellman, Iowa. 

The base of a triangle is 5, the bisector of the vertical angle is 4, and 
the vertical angle is 60°. Determine the lengths of the other two sides of 
the triangle, using an algebraic or a trigonometric solution. 

Editor. The construction of the triangle is given in the solution of 
Problem 968 in this issue. 


I. Solved by P. H. Nygaard, Spokane, Wash. 

ABC is the given triangle; the bisector of the ZB meets the side AC 
at D. Draw 1 DE to side AB, and | DF toside BC. Let AD =z, then- 
DC =5-—z. Since the bisector of an angle of a triangle divides the opposite 
side into segments proportional to the adjacent sides, we have AB /BC = 
AD /CD. Hence 


2V3+72°-—4 x 





273+ 72? —-102+21 5-2 
Simplifying this equation it becomes 
12zr* — 18025 +7832* —330z° — 57252? + 14000z — 10000 =0. 
Horner’s method of solution yields z =2.05004; therefore AB =3.91428 
and BC =5.63257. , 
II. Solved by Bessie Green Andrews, Wichita, Kansas. 

Draw the circumcircle of the triangle ABC; the bisector of the ZC 
meets the side AB at M and the circumcircle at E. The diameter EOH 
meets the side AB at F. Draw the altitude CD =h; also draw CH. 

The radius of the circumcircle is 5/+/3. Since triangles CHE and 
MFE are similar, and CM = 4, ME =[./74,/6—2] (F.is the middle 
point of OE). Since trianglesCDM and MFE are similar, , 10 

(i => 





V37-2V3 





The area of the triangle ABC is 
abc he 
K = ae ’ 
4R 2 
from which we get 
100 
ab = —————_-. (1) 
V111-—6 


AM =5b /(a+b), and BM=5a/(a+b); applying theorem given in 
Solution I. From the Law of Cosines 


(AM)? =16+6? —46+/3, (2) 
(BM)? = 16 +a" —4a V3. (3) 
Hence from (2) and (3) a+b=./374+2¥V3. (4) 


Solving equations (1) and (4) gives a=5.63, b =3.91. 
III. Solved by R. T. McGregor, Elk Grove, Calif. 

Represent the unknown sides by z and y, and from D, the base ex- 
tremity of the angle bisector CD, draw the 1s DE and DF to the sides 
xz and y. Since the ZC is 60°, the area of triangle ABC is zyV/3/4. 
Since DE = DF = 2, the area of ABC is (x+y). Hence 

tty = ryvV3 44. (1) 
The product of two sides of a triangle equals the product of the segments of 
the third side made by the angle bisector, plus the square of the angle bisector. 


Hence 
25ry 

+16. (2) 
(x+y)? 

Solving equations (1) and (2) gives z = 3.9l andy = 5.63. 

IV. Solved by E. de la Garza, Brownsville, Texas. 

Carpenter's Solution. With a convenient radius (an even number of 
inches or of centimeters to be preferred), which will be taken as unity, 





zy = 
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draw a circle and inscribe an equilateral triangle, or, at least, inscribe 
one of the 60° angles of the triangle, in this case angle A. From the ver- 
tex of this angle draw the diameter of the circle, which diameter will be 
the bisector of the angle A. Produce the sides of the angle and the bi- 
sector about four or five radii-lengths. From A measure 4 radii-lengths 
upon the bisector and mark point D, which will be the foot of the bisector; 
that is, the base of the triangle will pass through D. With a graduated 
scale find points B and C by sliding the scale through D, the end-marks 
of the scale touching at the same time the sides of the 60° angle. Mark 
points B and C, and points B’ and C’. We have two symmetrical triangles 
satisfying our problem. With the graduated scale measure AB and AC, 
and also find their ratio to the unit-radius. With a protractor measure 
the angles B and C. 

Mr. Garza also sent in a trigonometric solution. 

Also solved by J. F. Howard, San Antonio, Texas; Michael Goldberg, 
Washington, D. C.; George Sergent, Tampico, Mez.; Tillie Dantowitz, 
Philadelphia, Pa.; and the Proposer. 

982. Proposed by Nathan Altschiller-Court, University of Okla. 

If through the vertex of a triangle be drawn the median and a line 
parallel to the opposite side, these two lines determine a chord in the 
circumcircle of the triangle. Prove that this chord passes through the 
point of intersection of the tangents to the circumcircle at the other two 
vertices of the triangle. 

Consider the three vertices of the triangle in turn and prove the three 
chords thus obtained are concurrent. 

Prove that the common point of the three chords is on the Euler line 
of the triangle. 

Solved by George Sergent, Tampico, Mevzico. 
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Proof. 1. Let ABC be the triangle; O, the cireumcenter; A’, the mid- 
point of BC; A;, the point where the parallel through A to BC intersects 
the circumcircle; M and M’, the points where OA’ bisects the arcs BC 
and AA,, respectively; S, the intersections of OA’ with AA». 

AoM is bisector of the Z AAS, for the Zs AA,S and MA,S are measured 
by half of the equal ares ABM and A,CM. Its perpendicular, A,M’, 
is bisector of the ZAA,A’. It follows that, in the AA’A,S, the base 
A’S is divided harmonically in M and M’. We have 

A’M A’M’ A’M 8M 
_——— s -—=, OF —_—_—_ =-—, (lL) 
SM SM’ A’M’ SM’ 

Let S’ be the intersection of the tangents at Band C. They intersect 
on the perpendicular bisector of BC, by symmetry. BM is bisector of 
ZA’BS’, and its 1, BM’, is bisector of the exterior Z. Then, in the 
AA’BS’, the base A’S’ is divided harmonically in M and M’. We have 

A’M A’M’ A’M S’M 
——, or —-——_ = . (2) 
S’M’ A’M’~ §8’M’ 

SM S’M 
Hence, from (1) and (2), —— = ——. 
SM’ §8’M’ 

The points S and 8S’, dividing the diameter MM’ in the same ratio, 

coincide. This proves the first proposition. 





S’M 








II. Draw through B the parallel to AC, cutting the circumcircle in 
B,; through C, the parallel to BA, cutting the circumcircle in C,;. Deter- 
mine the poles of AC and AB, by the intersection of the tangents at A 
and C, and A and B, respectively. Join B, to the pole of AC, and C’ 
to the pole of AB, which determines on the circumcircle the points B, 
and Cs, 

We have to prove that A,;A», B,B:, C,C2, are concurrent. 

Draw the tangents at A; and As, intersecting in P, the pole of A,A>. 
By a known theorem, since A,A, passes through S, pole of BC, inversely 
BC passes through P, pole of A; Ao. 

Similarly, the pole, Q, of B,B:, is on AC, and the pole, R, of C,C; is 
on BA, 

Let the parallels through the vertices to the sides of ABC intersect 
in the points A;, B;, C;, opposite A, B, C, respectively. The altitudes 
of ABC intersect in H, circumcenter of A;B;C;. Since AA’A; is a straight 
line, and AA’ = A’A; = A’A,, AA,A; is a right triangle, and A;A, is 
an altitude of A;B,C;. B,;B, and C;C, are the other two altitudes. Let H’ 
be their intersection. The circumcircle of ABC is the nine-point circle 
of A;B;C;. Let H, be the point where it bisects H;A;. We have AH 
= H’H,, and AHHH’ is a parallelogram. The diagonal HH’ passes 
through O, midpoint of AH;. HH’ is the common Euler line of ABC and 
A;B;Cs. 

The triangles ACB and A;CB are equal and inversely homothetic. 
AHA3H, is a parallelogram. AH; and A;H are homologous lines. Since 
AH, is a diameter of circle O, A;H is a diameter of the circumcircle O,, 
of A,CB. The circles H and O, are tangent in A;. PA; = PA,, by 
symmetry. Hence PA; is tangent to circles O, and H. It follows that 
P is the radical center of circles O, H and O,, and lies therefore on the 
radical axis of circles O and H. 

Similarly HB; and HC; are diameters of the circumcircles O, and O; 
of the triangles B,;CA and BAC;,, respectively. It can be shown in the 
same way that Q and R are on the radical axis of the circles O and H. 
Then PQR is a straight line, perpendicular to the line of centers, OH, 
the Euler line of AABC. 

A, A>, B,B2, CC, are, with respect to circle O, the polars of ‘three 
collinear points. By a known theorem they are concurrent in the pole 
of the line PQR with respect to the same ©. This pole is on the per- 
pendicular from O to PQR, that is, on the Euler line of the triangle. 
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Remark. The proposition could also be proved by considering the 
circles drawn on OP, OR, OQ, as diameters. Their centers are on the 
locus of the midpoints of the lines drawn from O to the radical axis. 
Their line of centers is parallel to the radical axis, hence | to the Euler 
line. Then they have a second common point, I, symmetric of O, which 
is the foot of the i from O to the radical axis. Their chords of inter- 
section with circle O are A,A», B,B:, C,C;, respectively. When circles 
have a common chord, and intersect another circle, their chords of inter- 
section with this circle are concurrent on their common chord. There- 
fore A, Ao, B,B:, C,C: intersect in a common point on the Euler line of the 
triangle. 

984. Proposed by R. T. McGregor, Elk Grove, Calif. 
Show that the sum of the products of every pair of the squares of the 
first n integers is 
nr 
n? —1)(4n? —1)(5n +6). 
360 

Solved by J. Murray Barbour, Aurora, N. Y. 

The square of any polynomial is equal to the sum of the squares of its 
terms, increased by twice the sum of the products formed by multiplying 
each term by all the terms that follow it. In this problem let the poly- 
nomial be the sum of the squares of the first n integers (S.). Let S, repre- 
sent the sum of the fourth powers of the first n integers; S represents 
= sum of the product of every pair of the squares of the first » integers 
Then 


(S.)?—S, 

eae l 
2 

in +-1) 2n+1 

Se. = 7 
6 

n(n +1) (2n +1) (3n?+3n —1 

S, = 3 edie et = 


30 
Substituting the expressions for S. and S,in (1), it is not difficult to obtain 
the required result. 
Also solved by Tillie Dantowitz, Philadelphia, Pa.; Michael Goldberg, 
Washington, D. C.; E. de la Garza, Brownsville, Texas; and the Proposer 


983. Proposed by George Sergent, Tampico, Mexico. 

In a given sphere a circular cone is inscribed so that its lateral surface 
is equivalent to the lateral surface of one of the two spherical segments 
having the same base as the cone. Determine the dimensions of the cone. 

Solved by J. F. Howard, San Antonio, Texas. 

For the inscribed cone in a sphere let AE be its altitude, and BE the 
radius of its base; DE = h be the altitude of the smaller segment of the 
sphere; R the radius of the sphere. Lateral area of the cone equals x 
(2R—h)V2RA. The lateral area of the smaller segment of the sphere 
equals 2xRh. Hence 





m(2R—hA)V/V2RA = 2r7RA. 
Simplifying this expression, and solving for h gives h R(3+ V5). 
Using the plus sign for the value of h gives AE = R(./5-—1), and BE 
= 2RVvV5-2. 

Editor. In the solution by Mr. Garza it is proven that (AE)?= 2 R 
(2R—AE). This means that the altitude AE may be found geometrically 
by dividing the diameter of the sphere in mean and extreme ratio, taking 
the larger segment as the height of the cone. 

Also solved by Michael Goldberg, Washington, D. C.; E. de la Garza, 
Brownsville, Texas; and the Proposer. 

985. Proposed by E. de la Graza, Brownsville, Tex. For High School 

Students. 

Solve arithmetically. Two daily night trains run between Brownsville, 
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Tex., and Houston, Tex. The first train leaves Brownsville at 6:20 p. m. 
and arrives at Houston at 7:20 a. m. of the next day. The second train 
leaves Brownsville at 7:45 p. m. and arrives at Houston at 7:30 a. m. of 
the next day. The rate of the second train is 3.04 miles more per hour 
than the rate of the first train. Find the distance from Brownsville to 
Houston. 

Solved by Elizabeth Blanchard, Spokane, Wash. 

The second train runs 3.04 miles per hour faster than the first train, 
and it runs for 11.75 hours. 35.72 miles is the distance it would have - 
traveled farther than the first train if they had run the same length of 
time. The first train traveled 1.25 hours longer than the second train, 
but it traveled the same distance. Hence the first train must have trav- 
eled 35.72 miles in 1.25 hours, or at a rate of 28.576 miles per hour. In 13 
hours it traveled 371.488 miles, the distance between Brownsville and 
Houston. 

Also solved by Theodore Ligda, Oakland, Calif.; Josephine Bray; Eugene 
S. Eugene, Kathleen Lay, Spokane, Wash.; Lowell Hebbard, Margaret 
Johnson, Ishpeming, Mich.; Paul Swenson, El Campo, Texas; Iva Hast- 
ings, Spokane, Wash.; Vivian Brown, Lee, Ill.; George Sergent, Tampico 
Mexico; and the Proposer. 


PROBLEMS FOR SOLUTION. 
996. Proposed by the Editor. 


If 8x = log,3, prove that 
ex —e —2xz 


tan 15° = ————— 
ex + € —2z 
997. Proposed by A. J. Patterson, Wheeling, W. Va. 
Two equal intersecting circles, radii 4, mutually bisect areas. Find 
the distance between the centers. 
998. Proposed by the Editor. 
In the ambiguous case, given B, c, b, if a, a, are the two values of a, 
prove 
I. The distance between the centers of the circumscribing circles of 
the two triangles is (a; —a,) /2 sinB. 
II. If B = 45°, the angle between the two positions of b is are cos 
[(2a,a2) / (a? +03) ]). 
999. Proposed by R. T. McGregor, Elk Grove, Calif. 
Show that the centers of the four circles circumscribed about the 
triangles formed by four straight lines are concyclic. 
1000. For High School Students. Proposed by E. de la Garza, Brownsville, 
Texas. 
The actual age of a person is equal to the sum of the figures of the 
year of his birth. Find the age. 





BIRDS BUILD APARTMENTS. 


Cooperative apartments on the most approved modern plan are built 
by birds in the tropical forests of Haiti, according to Dr. Alexander Wet- 
more of the Smithsonian Institution. 

The birds in question are known as palm chats. They are small, gentle- 
mannered, socially-inclined birds that are always found in flocks, and they 
build their community nests at the tops of tall royal palm trees. Each 
pair of birds assembles a large ball of sticks, which interlaces at its sides 
with other balls in the mass. At the top of each ball there is a teaspoon- 
sized depression, where the single egg is laid.—Science News-Letter. 
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The Monthly Message 


Dear Association Friends: 
The Greetings of the Season to All of You. The past year has 
been a very successful one. Those who went to the Detroit 
meeting shared in a fine program. The representatives of the 
Detroit schools are to be complimented on the local arrange- 
ments and President Breslich deserves our congratulations on 
the efficient manner in which he organized the general program 


The 1928 Outlook. Our meeting for the coming year will be 
at Chicago. The institution at which we shall meet will be 
determined by the executive committee and their decision will 
be reported in an early issue. We are looking forward to a 
marked growth in membership and a great revival of interest 
in the activities of the association. It is hoped that we may be 
active every school month in the year with the climax in 
November. 


Our Members. This association belongs to all its members 
Its business is carried on by the executive committee, which 
consists of the regular officers, general and sectional, and all past 
presidents. Association policies, teaching helps, program sug- 
gestions, and the like are matters in which all me ae ‘rs can help 
by a timely word or a contribution. A line of constructive 
thought from you will always be welcome. 


Program Minutes and Manuscripts. All section meetings are 
held as an essential part of the association as a whole. The 
secretary’s report and all papers presented are to be turned over 
to the 7 secretary of the association immediately after the 
annual meeting. If desired, these reports and papers are pub- 
lished in full or in part in Scnoon Science aND MATHEMATICS 
the official organ of this association. If any such minutes or 
ayers have not been sent in to date, kindly show your loyalty 

y sending them in now. 


The Monthly Message. This page of association news is an 
innovation which we hope will prove a success. It has been made 
possible through the courtesy of the publishers of Scnoou 
ScrENCE AND MaTuematics who have freely consented to c¢o- 
operate in promoting this feature. This courtesy is hereby 
gratefully acknowledged. 
W. F. ROECKER, President. 
Boys’ Technical High School, Milwaukee, Wisconsin. 
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VITAMINS FOR MARGARINE. 

A butter substitute that will contain as many calories and more vita- 
mins than the old fashioned product of the cow can be made available 
at a low price, scientists in London declare. 

In view of the general shortage of dairy products, chief source of the 
vitamins necessary for health and growth, Drs. O. Rosenheim and T. A. 
Webster of the National Institute for Medical Research, have suggested 
to the scientific journal, Nature, a cheap and effective butter substitute. 
Fats from livers of such readily available animals as sheep, calves and oxen 
contain ten times the amount of vitamin A as exists in cod liver oil. 

“The well-known skill of the margarine manufacturer,” Dr. Rosen- 
heim explains, ‘‘should enable him so to incorporate the liver fats with: 
his product as to convert a dietary article, already identical with butter 
in calorific value into a cheap and palatable product of equal biological 
efficiency, so far as vitamin A is concerned.”’ 

The no less important rickets preventing vitamin D, another variable 
constituent of butter, can be supplied by mixing in small quantities of ir- 
radiated ergosterol. This is a recently discovered product of great potency 
believed to be the parent substance of the anti-rachitic vitamin. After expo- 
sure for regulated periods of time to ultra-violet light, it is capable of 
curing human rickets in as small doses as from two to four milligrams daily. 

“The margarine manufacturers,’ continues Dr. Rosenheim, “have 
therefore at their disposal, if they care to make use of them, means which 
should make a perfect biological substitute for butter accessible, without 
unduly raising the price of margarine. Moreover, by carefully controlled 
methods of manufacture, it should be possible to supply a product of con- 
stant vitamin content, superior in this respect to natural butter, the vita- 
min content of which depends on too many uncontrollable factors in the 
food supply of the cow.’”’—Science News-Letter. 
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SUGGESTIONS FOR THE SCIENCE TEACHER. 


Science teachers were among the first to recognize the value of visual 
education but often find it difficult to obtain proper materials for making 
full use of the sense of sight in the educative process, or cannot find time 
to assemble the materials. Many have tried to correlate demonstration 
lectures and providing extra work for the superior student by having 
students prepare the demonstration. Sometimes this works well but 
often it requires more of the teacher’s time than if she had prepared the 
demonstration herself. Below we offer two suggestions which may be 
used either in class or in the science club. The first has the double value 
of providing a good project for the bright student who wants to prepare 
an illustrated talk for class or club, and of promoting vocational educa- 
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tion. The second is a teaching device for presenting a difficult topic 
and may be used for daily study after it has been explained in class or 
club. 


ENGINEERING AS A PROFESSION. 


This is the title of a new bulletin issued by the Carnegie Institute of 
Technology in Pittsburgh. The author of the contents is William E. 
Mott, director of the College of Engineering. In connection with the 
bulletin, sets of stereopticon slides have been prepared to illustrate the 
points emphasized in the contents. Copies of the bulletin or sets of slides, 
or both, it is announced, will be sent to any high school or educational 
groups interested, for presentation before groups of interested students, ~ 
by applying to Alan Bright, Registrar, Carnegie Institute of Technology, 
Pittsburgh, Pa. 


Tue Compound MICROSCOPE. 


The microscope bears much the same relation to progress in biology 
that the analytical balance or the spectroscope does to chemistry. In 
general the high school student of biology has had no previous experience 
with lenses nor has he done much individual laboratory work. Often the 
compound microscope is his first opportunity to use a delicate scientific 
instrument. He must be taught its construction and operation if he is to 
use it effectively and care for it properly. Theadiagram on the preceding 
page will be of value in learning the uses of the vd¥fous parts and how the 
instrument is adjusted. A large wall chart 110x70 cm similar to this 
diagram but printed in colors, and a booklet fully describing the micro- 
scope may be obtained free of charge by writing to E. Leitz, Inc., 60 East 
10th Street, New York. 
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SCIENCE QUESTIONS. 
CONDUCTED BY FRANKLIN T. JoNEs. 


Questions for discussion, examination papers, disputed points may 
be submitted to this department. They will be published together with 
discussion. 

Please let us know what you are working on. It will be helpful to pass 
the information along. 

Send all communications to my home address—Franklin T. Jones, 
10109 Wilbur Ave., Cleveland, Ohio. 


QUESTIONS AND P PROBLEMS. 
506. Proposed by F. A. Vernon, Manual Training High School, Muskogee, 

Oklahoma. 

Will you kindly settle this question for us? 

Are we not in error when we say “‘frost is frozen dew’’? 

Should we wait until the dew forms and then let it freeze will we have 
frost or ice? 

Should you blow your breath on a mirror and freeze the moisture will 
ice or frost be formed? 

507. Proposed by T. D. Phillips, Dept. of Physics, Marietta College, 

Marietta, Ohio. 

The following problem from Millikan’s Mechanics Molecular Physics 
and Heat is often misunderstood, and an erroneous statement of the 
result of such a problem has often appeared in popular science articles 

PROBLEM: A man w hoe an jump three feet high on the earth could jump 
how high on the moon? The mass of the e arth is eighty times that of 
the moon and the diameter of the earth is 3 2-3 times that of the moon. 

From these data the acceleration on the moon is found to be approxi- 
mately 1-6 that on the earth and since the distance to which a man will 
rise is inversely proportional to the acceleration the answer is given 3x6 
or 18 feet. 

This is the correct result. The common error occurs in lack of appre- 
ciation of the prowess of the jumper. The three foot jump instead of 
being a rather feeble effort is a very good one indeed. The only assump- 
tion on which the data here presented admit of a solution is that the jump 
is straight up so the athlete’s center of gravity is raised three feet. In 
jumping over an obstacle a large part of the clearance is obtained by a 
shift in body position. It doesenot follow therefore that a man could, 
on the moon, jump over six times as high an object as he was able to 
clear on the earth. 

The high-jump for the average man would be only akout twelve to 
fifteen feet instead of the twenty to thirty-five feet frequently given 


SOLUTIONS AND ANSWERS. 

497. If a piece of cork is submerged in a bucket of water and released, 
it will rise to the top. But, if at the instant it is released, the bucket 
is allowed to fall freely (a) through the air, (6) in a vacuum, what 
will be the motion of the cork relative to the water? 

(Answer by Wallace C. Swank, on p. 982, December, 1927, number of 
ScHoo.u ScieENcE AND MATHEMATICS). 

Comment by Smith D. Turner, Cambridge, Mass. 

I would say, without attempting here to argue the matter, that since 
a body falling through air is not a freely falling body, in case (a) the cork 
would rise slowly to the surface. 

It is also interesting to note that if the bucket were closed at the top, 
and pulled downward with an acceleration greater than that due to 
gravity, the cork would sink to the bottom. 

We see the analogy to a centrifuge. Here the acceleration is towards 
the center, and the heavier material goes in the opposite direction (out- 
ward). In our example, the acceleration is downward, and the heavier 
material, the water, moves upward relative to the cork, which motion is 
also opposite to the acceleration in direction. 




































Quality 
Product 


Pattern 
No. 41 


Completely 
Shielded 


The Jewell Pattern No. 41 direct current pocket portable is a remarkable little 
instrument for it has a completely shielded movement. This becomes especially 
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lite. 

it is accurate. The guarantee is 1°). 

it is small and compact. 

the movement has a resistance of over 80 ohms per 
volt. 

it has a binding post arrangement designed to avoid 
accidental burnout of low ranges. 

it has a reasonable price. 


An outstanding feature is the scale which is 30°) longer than any competitive 
instrument of comparable size, and with a correspondingly enlarged ouienen 
ing allows closer determination of indicated values. 

This instrument is in widespread use in railroad signal and industrial testing, 
and we will be glad to send you a copy of our descriptivé circular No. 1121, whic 
illustrates and describes it in detail. 





Jewell Electrical Instrument Co. 
1650 Walnut St., Chicago 





“*28 Years Making Good Instruments”’ 
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498. Proposed by Nat Dolwin, 111 Floyd St., New York City. 
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The diagram shows a section of a trolley car system. 

This section which is of length “‘L’’ is fed by a generator supplying 
“E” volts. The positive feeders to the ends of the section have total 
resistances of respectively ‘“‘C’”’ and ‘“‘D’’ ohms, and the negative return 
feeders have resistances A ctively of “A” and “B’’ ohms. The current 
taken by the trolley cars is assumed as a uniform drain of “I’’ amperes 
per foot of line for the whole section. The trolley line has a resistance 
ot “T’’ ohms per foot and the return rail (assuming only one is used 
as a return) has a resistance of ‘‘R’’ ohms per foot. 

What is the voltage between the trolley and the rail at any point “X”’ 
feet from one end of the section? 

Answer by Harry Sohon, Schenectady, N. Y. 








- sc 
- — Zi2 r. 
~ a - 
~< é ~ 
— alr poe CS Pe ~ 
~ afr / 
= AA a P34 
La vee? 
c_ — — Ca + “a J 





The total current entering the rail is LJ amperes 
(b) is such a distance that 
bI amperes flow through “A”’ 
(L —b)I amperes flow through “B”’ 
The voltage drop from the generator around through “‘A” to z=b is 
IbA+4PIR 
The voltage drop from the generator around through ‘“‘B” to z=b is 
I(L—b)B+ W(L—b) IR 
These are equal so 
LB+ Yale Re 
b = ————_ 


A+B+LR 
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The distance (a) corresponds to the distance (b) but applies to the 
trolley wire instead of to the rail. By inspection then 
LD+%L’T 
a sale ciimemiaenpntarns 
C+D+LT 
{replace ““B”’ by “D,” R by T, “A” by “C’”’] 
The voltage drop through ‘‘C”’ to point z is: 
IaC+Tlaz—TI¥#* 
The voltage drop through ‘‘A”’ to z is 
IbA+Ribr— RIF 
Then the voltage at z is 
E—IaC —IbA —ITazx—I Rbz+ITH¥+IR¥ 
when a, and b have the values given above. 
We might explain how the voltage drop along the rail is arrived at. 








ge 


0 b 
at x = o the current is /b, 

at x = b the current is 0, 

at z = z, the current is /(b—72), 

The resistance is constant along the rail so the voltage drop equals the 
resistance times the average current 

Ib+I(b—z) 
Pd = ——— (Rx 


9 

TRbx—IRY 

503—504—505. Proposed by John W. Love, Cleveland Plain Dealer. 

503. How fast will the parachuter be going when he has dropped 10,000 
ft., assuming no wind resistance? 

504. How far would he have to drop before exceeding the speed record 
of 315 miles per hour made by the Italian aviator? 

505. What would be the weight on the parachute if it opened suddenly 
after dropping 10,000 ft.? You will have to assume a weight for the 
aviator. 

Solutions by M.F. Price, North Tarrytown, N. Y. 

No. 503, 504, 505, by Mr. Love, is solved by use of gravity acceleration 
formulae. 
No. 503—Using the formula S = Mgt? to find the exact time, in which 

S = 10000 ft., g = 32.16 ft. per sec-per sec. (acceleration of gravity), 

we find ¢ = 24.37 seconds. From this the velocity equals gt or 783.75 

ft. per sec. 

No. 504—315 miles per hour is equivalent to 462 ft. per sec. The 
distance to which the aviator must drop to exceed this velocity can be 
yp? 


found from the formula s=—. Solving, s = 3318.4 ft. 
9 


ll 


29 

No. 505. Assuming the weight of the man to be 180 lbs. and the time 

(t) to be one second, the force or weight on the parachute can be com- 
mv 

puted from the momentum formula f = —. From this, f = 4384+ lbs. 
gt 
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lf, however, we assume momentary rest as the parachute opens, the 
value of g and ¢ no longer enter in and we have the tremendous force of 
141,075 lbs. acting on the parachute. 

EXAMINATION PAPER. 
The University of the State of New York 
Examination for Qualifying Certificates 
CHEMISTRY 

Tuesday, Sept. 14, 1926—1.15 to 4.15 p. m., only 

Answer 10 rar promo selecting at least one from each of the first three 
groups and at least one from either group IV or group V. Papers entitled 
to less than 765 credits will not be accepted. 

Grovp I. 
Answer at least one question from this group. 

1. Describe with the aid of a diagram a laboratory method for the 
separation and collection of oxygen. Give a test for oxygen. 

2. For what laboratory purpose should one use (a) a water bath, (5) 
a sand bath? How should one prepare a glass jet tube for burning hydro- 
gen generated in a flask? 

3. State and illustrate the law of multiple proportions. 

Grovp II. 
Answer at least one question from this group. 

4. State Avogadro’s hypothesis. Describe an experiment and make 
use of this hypothesis to develop a reason for the belief that the hydrogen 
molecule contains two atoms. 

5. Arrange the halogens in the order of chemical activity, beginning 
with the most active. In connection with each, mention an important use 
either of the element or of one of its compounds, specifying the compound. 

6. Give two examples of oxidation where no oxygen is present. What 
is the principle in accordance with which this term is justified in these 
two cases? 

Grovp III. 
Answer at least one question from this group. 

7. Find the weight of nitric acid required to react with aluminum 
hydroxide to produce 125 grams of crystallized aluminum nitrate, 
Al,(NO3)s+18H:0. [Atomic weights: Al = 27, O = 16, N = 14] 

8. At what rate must air be supplied to a furnace to provide for the 
complete combustion of one cubic meter of carbon monoxide per minute? 
Assume that 21% by volume of air is oxygen. 

9. Find the formula for the substance which by weight is carbon 
64.86% hydrogen 13.52% and oxygen 21.62%. [Atomic weights: 
C = 12,0 = 16] 

Grovp IV. 
Answer at least one question from either this group or group V. 

10. Compare the methods usually employed for extracting from their 
ores the following metals: iron, aluminum, zinc. 

11. Describe the process for preparing each of the following: tinware, 
galvanized iron, nickel plated iron, Russia iron. — 

12. Describe a physical method and a chemical method for cleaning 
tarnished silverware. What difference exists in the adaptability of these 
methods to the cleaning of sterling ware and the cleaning of plated ware? 

Grovp V. 
Answer at least one question from either this group or group IV. 

13. Describe a process for poeperne artificial silk. 

14. Distinguish ethyl alcohol from methyl alcohol as to composition 
and as to the effects when taken into the human system. What is de- 
natured alcohol? — 

15. How are simple organic acids related to aldehydes and to alcohols? 
What is the carboxyl group? 
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ARTICLES IN CURRENT PERIODICALS. 
j 


American Journal of Botany, November, Brooklyn Botanic Garden, 
Lancaster, Pa., $7.00 a year, 75 cents a copy. Studies on the Growth of 
Root Hairs in Solutions Il. The Effects of Concentrations of Calcium 
Nitrate by Clifford H. Farr. The Chromosomes of Sphaerocarpos 
Texanus by Alfred M. Wolfson. A Comparative Study of Lauraceous 
Woods by Walter W. Tupper. The Protein Metabolism of the Soybean 
by Orton K. Stark. 

Condor, November-December, Bi-Monthly, Cooper Ornithological Club, 
Berkeley, Calif. $3.00 a year, 50 cents a copy. The American Gull-Billed 
Tern Breeding in California by J. R. Pemberton, Beverly Hills, Calif. 
The California Clapper Rail, Its Nesting Habits, Enemies and Habitat 
by Dudley Sargent De Groot, Santa Barbara State College, Santa Bar- 
bara, California. 

Education, November, The Palmer Co., Boston, $4.00 a year, 40 cents 
acopy. The Training of Teachers: The Problem of Professional Subject- 
Matter by Charles C. Fries, in charge of the Training of Teachers of 
English, University of Michigan, Ann Arbor, Mich. A High School 
Course in Psychology by Richard E. Hyde, Instructor in Education, 
Fairmont State Normal School, Fairmont, W. Va. 

General Science Quarterly, November, W. G. Whitman, Salem, Mass. 
$1.50 a year, 40 cents a copy. The Science Demonstration in the Junior- 
Senior High School by Ellsworth S. Obourn, John Burroughs School, 
St. Louis, Mo. Seales for Rating Pupils’ Answers to Nine Types of 
Thought Questions in General Science by Charles W. Odell, Director of 
Education Research, University of Illinois, Urbana, Ill. The Science 
of Common Things: IX. A Speck of Dust. X. Wonders of the Night 
Sky by Joseph R. Lunt, Boston Teachers College. 

Journal of Chemical Education, November, Rochester, New York, $2.00 
a year, 35 cents a copy. X-Rays and Chemistry by Robert L. Hershey, 
Massachusetts Institute of Technology, Cambridge, Mass. Accomplish- 
ing Much by Doing Nothing by Guy Bartlett, General Electric Company, 
Schenectady, New York. Poland—A Country with a Chemical Future 
by Neil E. Gordon, University of Maryland, College Park, Maryland. 

Journal of Geography, November, A. J. Nystrom and Company, 2240 
Calumet Ave., Chicago, Ill., $2.50 a year, 35 cents a copy. Can the Edu- 
cational Value of Real Geography ia the Junior High School be Replaced 
by Any Other Subject or Combination of Subjects? by H. W. Fairbanks, 
Glendale, California. A Trip to the Mississippi-Yazoo Flood District 
by J. E. Switzer, Indiana University. The Aims and Content of Junior 
High School Geography by Olive C. Fish, Illinois Women’s College, 
Jacksonville, Il. 

National Geographic Magazine, December, Washington, D. C., $3.50 
a year, 50 cents a copy. The Pageant of Jerusalem by Major Edward 
Keith-Roach, O. B. E., Deputy District Commissioner, Jerusalem Divi- 
sion. East of Suez to the Mount of the Decalogue by Maynard Owen 
Williams. The Geography of Money by William Atherton DuPuy. 

Photo-Era Magazine, December, Wolfeboro, New Hampshire, $2.50 a 
year, 25 cents a copy. On the Hemispheric Source-Theory of Light- 
Intensity by F. Morris Steadman. Enlarging Cameras by Perry D. 
Frazer. Photography in School and College by Arthur L. Marble. The 
High School Camera Club by Gilman Lane. 

Popular Astronomy, November, Northfield, Minnesota, $4.00 a year, 
45 cents a copy. Stellafane by Russel W. Porter. The Photographic 
Study of Long Period Variable Stars by Harlow Shapley and W. F. H. 
Waterfield. The Teaching of Astronomy (second paper) by S. L. Booth- 
royd. 

School Review, November, The University of Chicago Press, Chicago, 
Ill., $2.50 a year, 30 cents a copy. The Junior-College Curriculum by 
Leonard V. Koos, University of Minnesota. An Experlment in the 
Classification of Ninth-Grade Pupils According to Ability by Anne E. 
Smead. Scott High School, Toledo, Ohio. The Variables of the Senior 
High School Curriculum and the College-Entrance Problem by Carter V. 


Good, Miami University. 
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Science, Grand Central Terminal, New York City, $6.00 a year, 15 cents 
a copy. November llth, Specialization and Cooperation in Scientific 
Research by Professor Karl T. Compton, Princeton University. Some 
Problems in Botanical Classification by G. P. Van Eseltine, Agric ultural 
Experiment Station, Geneva, N. Y. 

Scientific American, December, New York, $4.00 a year, 35 cents a copy. 
Lightning Prevention by Colonel E. H. Wilcox. Pre-Sumerian Man 
by L. H. Dudley Buxton, M.A., F.S.A. How Nature Conquers by 
H. J. Lutz. 

Scientific Monthly, December, The Science Press, New York, $5.00 a 
year, 50 cents a copy. Smell and Taste and Their Applications by Dr. 
N. E. MeIndoo, Washington, D. C. The Chains of Prometheus by 
Dr. Benjamin C. Gruenberg, American Association for Medical Progress. 
The Humanizing Influence of Pestilence by T. Wingate Todd, F.R.C.S. 
Eng., Professor of Anatomy and Director of the Hamann Museum, 
Western Reserve University. Botanical Explorations in the Rocky 
Mountains—Selway River by Professor J. E. Kirkwood, The University 
of Montana. ——_—— 

BOOKS RECEIVED. 


Trigonometry Plane and Spherical by David Raymond Curtiss and 
Elton James Moulton, Professors of Mathematics, Northwestern Uni- 
versity. Cloth. Pages xi+264. 13.5x19.5 em. 1927. D. C. Heath 
and Company. Price $2.40. 

Introductory Chemistry by Neil E. Gordon, Professor of Chemistry, 
University of Maryland. Cloth. xx+600 pages. 13.5x20 em. 1927. 
World Book Co., Yonkers-on-Hudson, New York. Price $2.20. 

Calculus by Henry Burchard Fine, Dod Professor of Mathematies in 
Princeton University. Cloth. Pages vili+421. 12.5x18.5 em. 1927. 
The Maemillan Company, New York. 

Modern Plane and Solid Geometry by Webster Wells, S.B., Author of 
a series of texts on Mathematics, and Walter W. Hart, A.B., Associate 
Professor of Mathematics, School of Education, University of Wisconsin. 
Cloth. Pages ix+480. 13x18.5em. 1927. D.C. Heath and Company. 
Price $1.64. 

Bobbs-Merrill Algebra, Book One by W. R. Krickenberger, Depart- 
ment of Mathematics, Arsenal Technical High School, Indianapolis, 
L. H. Whiteraft, Head of the Department of Mathematics, Indiana 
State Normal School, Eastern Division, and A. M. Welchons, Depart- 
ment of Mathematics, Arsenal Technical High School, Indianapolis. 
Cloth. 394 pages. 13x18.5 em. 1927. The Bobbs-Merrill Company, 
Indianapolis. 

Your Money’s Worth, A Study in the Waste of the Consumer's Dollar 
by Stuart Chase and F. J. Schlink, Cloth. Pages viii+285. 12.5x19 
em. 1927. The Macmillan Company, New York. Price $2.00. 

Kostychev’s Plant Respiration by Dr. S. Kostychev, Member of the 
Russian Academy of Science, P rofessor in the University of Leningrad, 
Translated and edited by C harles J. Lyon, Ph.D., Assistant Professor of 
Biology at Dartmouth College, Hanover, N. H. Cloth. Pages xi +163. 
15x23 em. 1927. P. Blakiston’s Son & Company, 1012 Walnut Street, 
Philadelphia. Price $2.50. 

Essentials of Junior High School Mathematics, Books One, Two and 
Three by Samuel Hamilton, Ph.D., LL.D., Formerly Superintendent of 
Schools, Allegheny County, ran, Ralph P. Bliss, Ph.B., Chairman of 
Department of Mathematics, Alexander Hamilton High School, Brooklyn, 
N. Y., and Lillian Kupfer, Ph.D. Book One, cloth, xxiii+212 pages, 
12.5x18 em. Price 84 cents. Book Two, cloth. xxi+216 pages. 12.5x 
18 em. Price 88 cents. Book Three, cloth. xxxiii+346 pages. 12.5x18 
em. Price $1.20. 1927. American Book Company, Chicago, IIl. 

My Work Book in Arithmetic, Book II by Garry Cleveland Myers, 
Cleveland School of Education, and Caroline Elizabeth Myers. Paper. 
128 pages. 21x27 cm. 1926. The Harter School Supply Co., 2046 E. 
71st St., Cleveland, Ohio. 
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Harvard Tests: Elementary Physices—Form A and Form B by N. 
Henry Black and Frances M. Burlingame, Graduate School of Edueation, 
Harvard University. Paper. 18x23.5 em. 1927. Ginn and Company, 
Chicago, Ill. Price 60 cents each. 

Man,—The Animal by W. M. Smallwood, Ph.D., Harvard, Professor 
of Comparative Anatomy in Syracuse University. Second Edition 
Revised. Cloth. Pages xiv+235. 12x19 em. 1927. The Maemillan 
Company, New York. Price $2.50. 

Molecular Physics by James Arnold Crowther, M.A., Se.D., F. Inst. P., 
Professor of Physics in the University of Reading. Fourth Edition with 
34 illustrations. Cloth. Pages viii+202. 10xl2 em. 1927. P. Blakis- 
ton’s Son & Company, 1012 Walnut Street, Philadelphia. Price $2.50. 

The Story of Chemistry by Floyd L. Darrow, Author of Through 
Science to God. Illustrated. Cloth. 528 pages. 15x23.5 em. 1927. 
The Bobbs-Merrill Company, Indianapolis, Indiana. Price $4.00. 

Senior Mathematics, Book II by Ernst R. Breslich, Assistant Pro- 
fessor of the Teaching of Mathematies, The College of Education and 
Head of the Department of Mathematics in the University High School, 
The University of Chicago. Cloth. Pages xvi+296. 13x19.5¢m. 1927. 
The University of Chicago Press, Chicago, Illinois. Retail Price $1.50. 

Fundamentals in Visual Instruction by William H. Johnson, M.A.., 
Ph.D. Cloth. 104 pages. 13.5x21.5 em. 1927. The Educational 
Sereen, Ine., Chicago, Lllinois. 

Tentative Course of Study in Elementary Science by Gerald S. Craig, 
Ph.D. Grades I and II, vi+91 pages. Grades III and IV, vi+126 
pages. Grades V and VI, vi+121 pages. Paper. 15.5x23 em. 1927. 
Bureau of Publications, Teachers College, Columbia University. 

New Laboratory Problems in Civie Biology by George William Hunter, 
Ph.D., Professor of Biology, Knox College, Galesburg, Illinois. Paper. 
286 pages. 13x24 em. 1927. American Book Company, New York. 

State of Connecticut State Geological and Natural History Survey 
Bulletin No. 40. The Geology of the Shepaug Aqueduct Tunnel, Litch- 
field County, Connecticut, by William Macdonough Agar, Ph.D., Assistant 
Professor of Geology, Yale University, with a chapter by Robert A. 
Cairns, C. E., City Engineer, Waterbury, Conn. 38 pages. 14.5x22.5 
em. 1927. Hartford, Published by the State. Price 50 cents. 

United States Department of the Interior Bureau of Education Bulletin 
(1927) No. 20, Playgrounds of the Nation, A Series of Projects on Out- 
door Recreation and the Conservation of Forest Life Developed through 
a study of State Parks and Forests for Elementary Schools by Florence C. 
Fox, Assistant specialist in City Schools. Pages x-99. 14.5x23.5 em. 
United States Government Printing Office, Washington. Price 35 cents 
per copy. 

Globe Laboratory Sheets by Willard B. Nelson, Hend of Depart- 
ment of Physical Sciences, Manual Training High School, Brooklyn, 
New York. Board. 94 pages. 19x26 cm. 1926. Globe Book 
Company, New York. 

Applied Chemistry Experiment Sheets by Martin Mendel, Thomas 
Jefferson High School, Brooklyn, New York. Board. 84 pages. 
19x26 cm. 1926. Globe Book Company, New York. 

Physics Experiment Sheets by Willard B. Nelson, M. S., Head of 
Department of Physical Sciences, Manual Training High School, 
Brooklyn, New York. Board. 65 pages. 19x26 cm. 1925. Globe 
Book Company, New York. 

Chemistry Experiment Sheets by Martin Mendel, Thomas Jeffer- 
son High School, Brooklyn, New York and Milton B. Brundage, 
Stuyvesant High School, New York City. Board. 65 pages. 
19x26 cm. 1924. Globe Book Company, New York. 
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Canada Balsam to hold them. 

II. Fine adjustment so constructed as to 
avoid breakage of cover glass when 
focused down upon it. 

III. A fool-proof fine adjustment, with 34 
threads of the screw always engaged in- 
stead of but one. 

NEW CATALOG SENT ON REQUEST 


SPENCER SPEN CER LENS co. SPENCER 


Microscopes, Microtomes, Delineascopes, 
Scientific Apparatus 
BUFFALO, N. Y. 


























“‘Chemistry for Character. Science for Service.”’ 


THE TEACHING OF SCIENCE 


and the Science Teacher 
By 
HERBERT BROWNELL and FRANK B. WADE 





Says William McAndrews, in a review published in The Educational 
Review: “It is inspiring to read in this book the call to make the study 
of science a developer of productive conduct and character. Manhood 
and womanhood devoted to the general welfare is stressed here as the big 
purpose of American schools. How science functions in this direction is 
definitely shown . . . Messrs. Brownell and Wade offer convincing chap- 
ters on this obligation of science teachers aud then proceed in detail to 
give a guide to laboratory exercises, notebook supervision, use of pro- 
jects, management of study ... sample lessons and a tabulation for 
recording the growth of character.” 


8 vo, 322 pages Illustrated Price, $2.00 


ssarevbax THE CENTURY CO. “2hacxda*™ 
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BOOK REVIEWS. 

The Reorganization of Mathematics in Secondary Education (Part !). 
A Report by the National Committee on Mathematical Requirements 
under the Auspices of the Mathematical Association of America, Inc. 
Pp. xii+171. 12.5x18em. 1927. Boston: Houghton Mifflin Co. $1.20. 
The National Committee on Mathematical Requirements published 

its famous report, a volume of more than 600 pages entitled The Reorgan- 
ization of Mathematics in Secondary Education in 1923. This report 
was so much in demand that the edition of 25,000 copies was exhausted 
early in 1926. Since that time numerous requests for this report have 
been made. This volume, containing Part I of this report and also 
significant extracts from Part II, has been prepared for people who have 
been unfortunate in securing the original volume. J. M. Kinney. 


The New Mathematics, by John C. Stone, State Normal School, Montclair, 
New Jersey. Pp. x+348. 14x19.5 em. 1927. Chicago: Benj. H. 
Sanborn and Co. $1.20. 

This is a third book of a Junior High School series by Professor Stone. 
Unlike the majority of books designed for the ninth grade, in which the 
applications are chiefly algebraic and geometric, this book presents for 
the most part arithmetic applications, which exemplify the social uses 
of the subject of arithmetic. It has been written to meet the needs of 
pupils who do not intend to go to college. The author believes that the 
first two books of this series have given to the pupil enough of arithmetic, 
intuitive geometry, algebra, and numerical trigonometry to test out the 
pupil’s interests and abilities and thus to help him to decide upon the 
type of mathematics he should choose for his future work. 

To give the reader an idea as to the subject matter of the book a few 
of the topics are appended. 


1. How to check and improve computation 

2. How to interpret large numbers met in reading 

3. Personal, home, and school problems 

4. Thrift and investment 

5. The need and meaning of insurance 

6. How literal numbers help to express rules and principles 
7. The central tendency in scattered data 

8. Tests on the year’s work J. M. Kinney. 


A Compend of Human Physiology, sixteenth edition, especially adapted 
for the use of Medical Students by Albert P. Brubaker, A.M., M.D., 
Professor of Physiology and Medical Jurisprudence in the Jefferson 
Medical College. Cloth. Pages viii+281. 17.5x11.5 em. 1927. P. 
Blakiston’s Son & Company, 1012 Walnut Street, Philadelphia. Price 
$2.00. 

The value of this book is attested by the demand which necessitated 
the preparation of a new edition. Like the previous editions it aims to 
present the main facts of human physiology in a convenient way for 
study and review for examinations. Many topics have been rewritten and 
new matter included. Some of the new topics discussed are the forma- 
tion of bilirubin, basal heat production, the mechanism controlling the 
opening and closing of the pyloric orifice, enzymes, vitamins, and the 
synapse. = Ww. ws 
The Romance of Reality, The Beauties and Mysteries of Modern Science 

by Beverly L. Clarke, Ph. D., Research Fellow of the Carnegie Institution, 

Washington. Cloth. Pages vi+225. 13x20 em. 1927. The Mac- 

millan Company, New York. Price $2.25. 

In this age of book making it is difficult to find a field that is not over 
worked, but there is still room in the field of popular science and especially 
in realm of physics. The man in the street wants to know about energy, 
electrons, ultra-violet rays and relativity. These are difficult subjects 
to explain to readers unfamiliar with the language of physical science. 
Unfortunately many of our great scientists have neither the time nor the 
inclination to explain their theories and findings in the layman’s tongue. 




















COMPLETE—SIMPLE—CORRECT 


Characterize the 


GLOBE LABORATORY MANUALS 


CHEMISTRY EXPERIMENT SHEETS by MENDEL AND 
BRUNDAGE. 
APPLIED CHEMISTRY EXPERIMENT SHEETS by MENDEL. 


PHYSICS EXPERIMENT SHEETS by W. B. NELSON. 


The simple form and unit-page arrangement of these Laboratory , 
Manuals obviate the need of an additional notebook. 

Questions in the body of the directions emphasize the high points 
to be embodied in the student’s ‘‘write-up’’ of the experiment. 


GLOBE LABORATORY SHEETS by W. B. NELSON. (For all 
sciences.) 

A specially planned notebook designed to assist students in perform- 
ing experiments carefully and making logical and accurate observations 
and conclusions. 

These unusually inexpensive manuals are published in looseleaf sets as 
well as bound in board covers. We also carry binders to fit the looseleaf 
sets. 

Check the titles that interest you and return this “ad” with your name 
and address indicated, for copies on approval, complimentary if adopted. 


GLOBE BOOK COMPANY 


175 Fifth Avenue New York 
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November 21, 1927—-Adopted for 
EXcCLusIvVE BASAL USE IN THE STATE OF KANSAS 


FIRST COURSE IN ALGEBRA 


By Englehardt and Haertter 


The easy and natural approach, the broad content, the human 
outlook which prevails throughout, the emphasis laid on use 
rather than mere theory, the consistent use of modern exer- 
cise types (True-False, Timed-Practice, etc.), and the sound 
and thoroughly modern teaching technique apparent in every 
line of the book, are some of the features of this FIRST 
COURSE IN ALGEBRA which made it the unanimous choice 
of the two committees reporting separately to the Kansas 
State — Commission, and the choice of the Commis- 
sion itself. 


Examination copies will be sent on request, with a view to 
adoption. 


THE JOHN C. WINSTON COMPANY 


CHICAGO PHILADELPHIA TORONTO 
ATLANTA SAN FRANCISCO DALLAS 














FOR TEXT BOOKS 











Please mention School Science and Mathematics when answering Advertisements. 





108 SCHOOL SCIENCE AND MATHEMATICS 


In this book the author has succeeded in writing a brief account of the 
modern theories of matter and energy in language that can be under- 
stood by the average individual. The book is somewhat fragmentary 
and it is regrettable that the author takes about sixteen pages to get 
started, but the two-hundred pages which follow contain many of the 
interesting notions of modern science. The following chapter titles are 
suggestive of the contents: Building Stones of the Universe, Heat and 
the Dance of the Atoms, Making Silence from Sound, Invisible Light, 
Worlds in the Making, The Green Leaf, and Radium the Machine-Gun 
Element. G. W. W. 


Statistical Mechanics With Applications to Physics and Chemistry, by 
Richard C. Tolman, California Institute of Technology. Cloth. Pages 
334. 23x15 em. 1927. Book Department, The Chemical Catalog 
Company, New York. 

It is not impossible that the greatest work of Clerk Maxwell will 
ultimately prove to be his celebrated essay on the kinetic theory of gases. 
The far reaching development of these fertile ideas of Maxwell is admir- 
ably set forth in the present treatise of Professor Tolman, the purpose of 
which is to show the fundamental character of the problem of interpreting 
matter and energy from the properties of statistical ensembles. In the 
opening chapters the Maxwell-Boltzmann distribution law is discussed 
critically and application made to problems in molecular velocities, the 
partition of energy, specific heats, ete. The relation of statistical mech- 
anies to what we might call the classical quantum theory—i. e., that of 
Planck and Bohr, is ably discussed, although it is unfortunate, but per- 
haps unavoidable at this time, that no attempt is made to evaluate the 
new quantum theory which is emerging from the recent work of Born, 
Sehrédinger and others. 

The book throughout emphasizes the fundamental connection between 
the theories of statistical mechanies and thermodynamics. In particular 
this connection is made by identifying the entropy increase of thermo- 
dynamies with Boltzmann’s H-theorem in the kinetie theory. One of the 
noteworthy features of the book is its numerous applications, particularly 
to the so-called ‘‘transport’”’ problems of physics, to problems involving 
the rate of chemical reactions, and to photo-chemical phenomena. The 
relationship of these apparently unassociated fields is established through 
their connection with the kinetic theory. 

As is to be expected the book is highly technical and must be ap- 
proached with a thorough knowledge of the mathematics of classical 
mechanies, but to one sufficiently trained the book is remarkably sug- 
gestive. ; H. T. Davis. 


GOVERNMENT INVESTIGATION OF NEW ENGLAND FLOODS. 

A study of the recent floods in New England was begun while the rivers 
were yet near their crest stages by engineers of the Geological Survey, 
Department of the Interior, who already report for some of the rivers 
higher flood stages than any previously known. 

The work on the investigation and resulting report is being pushed by 
the Geological Survey, and as it progresses advance statements will be 
given to the press from time to time, with a final statement when com- 
pleted. This report will show that the Pemigewasset River at Plymouth, 
N. H., with a previous maximum high-water stage of 18.17 feet in a record 
of 41 yéars, had in this year’s flood a peak stage of 28 feet. The Winooski 
River, with a previous record stage of 13 feet on the crest of the camat 
Winooski Gorge, Vt., had in this flood a stage of 27 feet. The flood stage 
of the Connecticut River at Holyoke, Mass., exceeded that of the flood of 
1854, which was 3.1 feet higher than the flood of 1869. It is now believed 
that this year’s flood at Holyoke was higher than any previous flood of 
which there is knowledge, and it is noteworthy that the records at this 
locality extend back to 1683.—Department of the Interior 











